








THE 
ASTROPHYSICAL JOURNAL 


An International Review of Spectroscopy and 
Astronomical Physics 










FOUNDED IN 1895 BY GEORGE E. HALE AND JAMES E. KEELER 


EDITORS 






Paut W. MERRILL HARLOW SHAPLEY 


Mount Wilson Observatory of the 
Carnegie Institution of Washington 


Harvard College Observatory 
Cambridge, Massachusetts 


















J. H. Moore Otto STRUVE 
Lick Observatory Yerkes Observatory of the 


University of California University of Chicago 











COLLABORATORS 





S. B. Nicnotson, Mount Wilson Observatory; D. B. MCLAUGHLIN, University of Michigan; J. A. PEARCE, 
Dominion Astrophysical Observatory, Victoria; S. A. M1TCHELL, Leander McCormick Observatory; 
LyMAN SPITzER, JR., Yale University; W. W. MorGAN, Yerkes Observatory; Ceciiia H. 

PayNeE GAPOSCHKIN, Harvard College Observatory; H. N. RUSSELL, 

Princeton University; F. H. SEAREs, Mount 
Wilson Observatory 








VOLUME 100 






JULY-NOVEMBER 1944 





THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO, ILLINOIS 







THE CAMBRIDGE UNIVERSITY PRESS, Lonpon 


PUBLISHED JULY, SEPTEMBER, NOVEMBER, 1944 


COMPOSED AND PRINTED BY THE UNIVERSITY OF CHICAGO PRES 
CHICAGO, ILLINOIS, U.S.A. 











CONTENTS 


NUMBER 1 


BN Monocerotis: AN N-TypPE VARIABLE. Frank K. Edmondson and Henry Giclas 
THE Spectroscopic Binary 31 Cyenr. Julie M. Vinter Hansen 
SPECTROSCOPIC OBSERVATIONS OF 48 LiBrRAE. Paul W. Merrill and Roscoe F. Sanford 


INVESTIGATIONS ON PROPER MoTION. XXIII. THE PROPER MOTION OF THE CLUSTER h 
PERSEI. Adriaan van Maanen 


THE PHOTOGRAPHIC DETERMINATION OF STELLAR PARALLAXES WITH THE 60- AND 100- 
Inco REFLECTORS. NINETEENTH SERIES. Adriaan van Maanen . en pee 


ORBIT OF THE NINTH SATELLITE OF JUPITER. Seth B. Nicholson 


THE SPECTROGRAPHIC ORBIT AND LIGHT-VARIATIONS OF 7 GEMINORUM. Dean B. Mc- 
Laughlin and Suzanne E. A. Van Dijke’. 


COMPARISON OF THE A 3883 CN BAND IN THE SPECTRA OF CoMETS 1940c AND 1942g. 
Andrew McKellar . . 8 


ON THE RADIATIVE EQUILIBRIUM OF A STELLAR ATMOSPHERE. II. S. Chandrasekhar . 


ON THE ABSORPTION CONTINUUM OF THE NEGATIVE OXYGEN ION. Rupert Wildt and S. 
Chandrasekhar . 


STUDIES OF Farnt B-Type Stars. II. Daniel M. Popper 


RECENT PROGRESS IN ASTROPHYSICS 


AN UPPER LIMIT FOR THE MASS OF THE LUNAR ATMOSPHERE. Otto Struve . 
A. UNSOLD’S WORK ON THE SPECTRUM OF THE BO Star 7 Scorpi. Otto Struve . 


NOTES 
NOTE ON THE EPOCH OF THE NEXT SuNSPOT MAximuM. W. Gleissberg . 


REVIEWS 





NUMBER 2 
ON THE RADIATIVE EQUILIBRIUM OF A STELLAR ATMOSPHERE. III. S. Chandrasekhar 


EFFECT OF TEMPERATURE ON THE WAVE LENGTH OF A TRANSMISSION BAND OF THE IN- 
TERFERENCE POLARIZING MONOCHROMATOR. Edison Pettit 


DovuBLy IONIZED RARE EARTHS IN a? CANUM VENATICORUM. P. Swings 


THE RESOLUTION OF MEsSIER 32, NGC 205, AND THE CENTRAL REGION OF THE AN- 
DROMEDA NEBULA. W. Baade er we ei 


NGC 147 anp NGC 185, Two NEw MEMBERS OF THE LOCAL GROUP OF GALAXIES. 
W. Baade eon ee i ee ee ee ee Tr 

THE HELIUM ANOMALY IN @¢ PERSEI. J. A. Hynek 

PARTIALLY DEGENERATE STELLAR MopELs. Gordon W. Wares . 


SOME REMARKS ON THE NEGATIVE HYDROGEN ION AND ITS ABSORPTION COEFFICIENT. 
S. Chandrasekhar 


ili 


PAGE 


14 


31 


55 
57 


63 


69 
76 


87 
94 


104 
105 


114 
115 


117 


128 
132 


137 


147 
151 
158 


176 








iv CONTENTS 


THE SPECTROSCOPIC ORBIT OF BD VirGINIS. Otto Struve, Carlos U. Cesco, and Jorge 
Sahade Lok pee en Sle Se le 2 ae ee: 

Tue Ec.ipsinc Star BD Virernts. Cecilia Payne Gaposchkin 

RADIAL VELOCITIES OF TWENTY STARS OF EARLY TYPE IN AND NEAR THE GALACTIC CLus- 
TER NGC 6231. O. Struve ae 

NOTE ON THE DouBLE WHITE DwarrF L 462-56 = LDS 275. W. Jl ali 

i STUDY OF THE WOLF-RAYET EcLripsinc BINARY HD 193576 = V 444 CyenI. Zdenék 
Kopal rire ee ee ee i ee ee re 

PROVISIONAL ELEMENTS OF THE ECLIPSING BINARY V 444 Cyont. Henry Norris Russell 

NOTES 
NOTE ON THE LATITUDE VARIATION OF THE SUNSPOT BELTs. W. Gleissberg 


NUMBER 3 

THE Ec rpsinG System SX CAssIoPEIAE. Sergei Gaposchkin 

THE Eciipstnc System RX CAssIoPEIAE. Sergei Gaposchkin 

THE Wo tr-Rayet ECLIPSING VARIABLE HV 11086 = HD 214419. Sergei Ehacsncilin 

THE Ecuipsinc Star AR Monocerotis. Cecilia Payne Gaposchkin 

REGRESSION LINES AND THE FUNCTIONAL RELATION. Frederick H. Seares 

RELATION BETWEEN COLOR INDEX AND EFFECTIVE WAVE LENGTH FROM THE OBSERVA- 
TIONS OF HERTZSPRUNG AND VANDERLINDEN. Frederick H. Seares and Mary C. Joyner 

Cosmic Static. Grote Reber os. ee 

ON THE ORIGIN OF SMOKE PARTICLES IN THE INTERSTELLAR GAS. D. ter Haar 

SOLAR CONCENTRATIONS OF THE HypDROXYL RApIcAL. Robert J. Dwyer 

A REPORT ON NEW SPECTROGRAPHIC MATERIAL OF 13 CetrI. Carl August Bauer 

THE INTERACTION OF A PROTON AND A HYDROGEN ATOM IN ITs ExcitTep STATES. Mar- 
garet K. Krogdahl : Rare ae ee | a ee, 

THE INTERACTION OF A PROTON AND A HELIUM ATOM IN Its Excitep STATES. Margaret 
Kiess Krogdah] 

THE GENERALIZED COWLING MODEL. Marjorie Hall Harrison 


AN APPROXIMATE SOLAR MODEL ON BETHE’S LAW OF ENERGY GENERATION. N. R. Sen 
and U. R. Burman 


ON THE RADIATIVE EQUILIBRIUM OF A STELLAR ATMOSPHERE. IV. C. U. Cesco, S. Chan- 
drasekhar, and J. Sahade Lee, 


THE RADIAL VELOCITIES OF THE PLEIADES. Burke Smith a Otto Struve 

THE SPECTROSCOPIC ORBIT OF AR Monocerotis. Jorge Sahade and Carlos U. Cesco 
Titan: A SATELLITE WITH AN ATMOSPHERE. Gerard P. Kuiper 

THE WoLrF-RAYET TYPE SPECTROSCOPIC BINARY HD 152270. Otto Struve 

RECENT PROGRESS IN ASTROPHYSICS 


“PHYSICAL CHARACTERISTICS OF THE ATMOSPHERES OF SUPERGIANTS OF CLASSES 
cB5 To cA3” By G. A. SHajn. O. Struve 


NOTES 
A CHANGE IN THE SPECTRUM OF 39¢ CAPRICORNI. O. Struve and A. J. Deutsch 


INDEX 


PAGE 


181 
186 


189 
202 


204 
213 


219 


264 
279 
288 
300 
302 


311 


333 
343 


347 


355 
360 
374 
378 
384 


388 


390 
391 





-—- CO FP GS U1 





THE ASTROPHYSICAL JOURNAL 


AN INTERNATIONAL REVIEW OF SPECTROSCOPY AND 
ASTRONOMICAL PHYSICS 


VOLUME 100 JULY 1944 NUMBER 1 


BN MONOCEROTIS: AN N-TYPE VARIABLE 


FRANK K. EDMONDSON AND HENRY L. GICLAS 


Kirkwood Observatory, Indiana University 
and 
Lowell Observatory, Flagstaff, Arizona 
Received A pril 4, 1944 


ABSTRACT 


Photographic, photovisual, and photo-red observations made with seven different telescopes at the 
Kirkwood, Lowell, and Harvard observatories are used to study the light and color variation of this 
N-type variable. 

Sequences based on polar comparisons are given for the three colors. 

The photogra phic light-curve, based on 154 observations, covers an interval of nearly 19 years. It shows 
a semiregular type of variation with an amplitude of 3 mag. The photovisual light-curve, based on 80 ob- 
servations, is in phase with the photographic light-curve, but the amplitude is only 1 mag. The photo-red 
light-curve, based on 3u observations, has a still smaller amplitude. The variation seems to take place in 
cycles of 500 days; but smaller fluctuations of shorter period are also present. 

The color index varies from +4™ to +6™. It is strongly correlated with the photographic magnitude 
and only slightly correlated with the photovisual magnitude. 

The red index varies from +5™5 to +7™5 and is strongly correlated with the photographic magnitude. 
There is little or no correlation with the photo-red magnitude. 


INTRODUCTION 


BN Monocerotis is No. 18 in the list of red stars published by Merrill, Sanford, and 
Burwell.! The spectral class was given as N, and this was later confirmed by Sanford,’ 
who also found the radial velocity to be +28 km/sec. This star also appears as No. 1529 
in the recent Dearborn list of red stars* and as No. 41 in an earlier list.‘ 

The variability of BN Monocerotis was discovered at the Lowell Observatory by Ed- 
mondson and Rogers,’ who published provisional photographic and photovisual se- 
quences and found a mean color index of nearly 5 mag. Photographic and photovisual 
observations have been continued at Flagstaff by Giclas and at Indiana by Edmondson. 
In addition to this, a photo-red sequence has been set up and photo-red observations 


1 Pub. A.S.P., 45, 306, 1933. 

2 Pub. A.S.P., 47, 273, 1935; also Ap. J., 82, 202, 1935. 

3 Dearborn Ann., 5, Part IA, 1943. : 

4 Dearborn Ann., 4, Part 16, 1940. 5 Pub. A.S.P., 47, 191, 1935. 
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made regularly since September, 1939. Photographic magnitudes have also been esti- 
mated by Edmondson on plates in the Harvard collection. The desire to accumulate ad- 
ditional observations has caused several postponements of the publication of this paper; 
but it now appears that no useful purpose will be served by further delay. 


THE OBSERVATIONS 
The observations published in Table 5 were made with seven different telescopes. 
These instruments and the symbols used for identifying them are given in Table 1, to- 
gether with the systematic corrections that were applied to the measured magnitudes to 
reduce them to a uniform system. 











TABLE 1 
Symbol Instrument Ampg Ampv | Ampr 
i. | 8-inch reflector, Kirkwood —O™4 0:0 | 60 
D.. 24-inch reflector, Kirkwood — 4 | 0 Oe 
ee 13-inch refractor, Lowell 0 | 00 | 0.0 
*, eee e- 8-inch (I) refractor, Harvard 0 | nee a fore ee 
eo; 8-inch (IR) refractor, Harvard | 0 weve ree. s 
f. | 10-inch (MF) refractor, Harvard) — .6 near center|......... Ss 
| — .4 near corner}... | 
g..........| 16-inch (MC) refractor, Harvard | +0.5 eee 
rABLE 2 
= ~ ; i : i T = 
Star mpg Star | mpg | Star mpg Star mpg 
BTL ete codes || EEE) PER koe Peer Se een | Fem ree 
“eee |. ee 13.80 | B35, 20). 15.15 | “eee 15.75 
PAs > By ee 13.45 eee eS a 14.30 | Be tent be 15.50 7 15.50: 
j } 
' i L = = ! ——s 














a) PHOTOGRAPHIC MAGNITUDES 


The possibility of systematic errors in the magnitudes of red stars derived from com- 
parison with stars of small color index is well known, and one usually tries to select com- 
parison stars of the same color as the variable. This is not possible in the present case, nor 
has it seemed advisable to extrapolate the known color corrections of the various instru- 
ments. Instead, an attempt has been made to reduce the magritudes to the system of the 
13-inch Lawrence Lowell telescope by application of corrections derived from the various 
overlapping series of observations. For example, c and d can be compared by means of 
the observations in March and April, 1935; a and c by means of the observations in 
March and October, 1939; etc. 

The comparison stars and magnitudes used are the same as those given by Edmond- 
son and Rogers.® For convenience, they are repeated here in Table 2 and Plate I, a. 

The comparison stars are close to the variable; and Edmondson has derived magni- 
tudes by direct visual estimates, except for the early Flagstaff plates, which were meas- 
ured originally with a scale plate and later checked by direct visual estimates. Giclas has 
used a Stetson-type photometer for the measurement of his plates. 


b) PHOTOVISUAL MAGNITUDES 


The photovisual sequence has been revised by Giclas, and the new magnitudes are 
given in Table 3. The stars can be identified with the aid of Plate I, 0. 





i. 


d- 


Ss. 
O- 


i- 
S- 
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(a) PHOTOGRAPHIC SEQUENCE; (b) PHOTOVISUAL AND PHOTO-RED SEQUENCE 


The scale of (a) is 14%0 per mm; that of (b), 3374 per mm 














BN MONOCEROTIS 3 


Observations of the photovisual magnitude have been made only at the Lowell and 
Kirkwood observatories. Edmondson has measured the Indiana photovisual plates with 
a Ross-type photometer,’ and Giclas has measured the Flagstaff plates with a Stetson- 
type photometer. There is some indication that comparison star No. 3 is variable. 


¢) PHOTO-RED MAGNITUDES 


The adopted photo-red sequence is based on three polar comparisons made by Giclas 
and has been checked by two additional polar comparisons made by Edmondson. The 
magnitudes are given in Table 4, and the stars can be identified with the aid of Plate 
I, 0. 
Photo-red observations have been made at Indiana and Flagstaff, and the method 
of measurement is the same as for the photovisual plates. Comparison star No. 3 seems 
to be variable, in agreement with the photovisual observations. 









































TABLE 3 
pf es <a d ‘ 
Star mpv | Star | mpv || Star | mpv Star mpv 
| || | ———| 
Ree ee a 6.75 | See ee oe (8.30) || 5 | 9.10 ee ae 9.65 
, ERS S45 | #.:.....-. 7.55 6 | 8.45 eee 9.60 
| | 
— — ———___ —EEE | : —EE ao 
TABLE 4 
Pe ae _ 
Star | mpr* Star mpr* i Star | mpr | Star mpr* 
Secs as “CM Tee 7.45 || 6..... | 8.10 || 8..... | | 9.15 
2 i, —. SAE 8.50 7 9.25 ee | 7.70 
tes | (7.85) || | | 


* System of Harvard Ann., Vol. 89, No. 5. 


Thanks are due to Herbert S. Gutowsky and J. Lynn Smith for taking most of the 
Kirkwood Observatory 8-inch reflector plates (indicated by a in Table 5). Gutowsky 
took 41 plates and Smith took 11 in 1939 and the early part of 1940. Smith continued 
through the early part of 1942 and added 62 more plates to the series. 


DISCUSSION 
@) THE LIGHT-CURVES 


The observations listed in Table 5 are shown graphically in Figure 1. The photographic 
light-curve covers an interval of nearly nineteen years and shows a semiregular type of 
variation. During the period between 1925.2 and 1934.0 the magnitude varied over a 
range of 3 mag. in what appear to be cycles of about 1000 days. This large-range varia- 
tion seems to have stopped during the interval between 1934.0 and 1940.0; and a note- 
worthy feature of this part of the light-curve is the short-period variation near 1937.0. 
The large-range variation returned following the 1940.0 maximum and has continued in 
cycles of about 500 days. This suggests that the earlier large-amplitude cycles were also 
500 days, since it is impossible to observe BN Monocerotis during the middle third of the 


6 Grateful acknowledgment is made to the American Academy of Arts and Sciences and the Society 
of Sigma Xi for grants-in-aid to help defray the cost of this instrument, which was constructed in the 
Yerkes Observatory shop by Mr. Charles Ridell. 















































TABLE 5 
7.7. JD mpg mpv mpr iy ya JD mpg | mpv mpr 
1900, Oct. 17.4 | 2415309.9 | 14.2 dJ........]....... || 1938, Mar. 25.1 | 2428982.6 | 13.3: b| 8.9 bl....... 194 
1901, Mar. 20.0 Ae ey GES 9 Re) fear Mar. 28.1 LCS I Ges ae: Yn E ntncrg te 
1925, Mar. 21.1 | 2424230.6 | 14.9: g|........ tei Apr. 21.1 o00e.6 | 23.2 a!........ eee: 
Dec. 14.3] 4498.8 | 16.:: gl........ eae Apr. 23.1 9011.6 | 13.4 al........ eee: 
1926, Dec. 13.3 we ee) ne Hee | Apr. 23.1 ek OE Se 5 ees een 
1927, Oct. 30.4|  5183.9| 14.9 gl........ ee: | Oct. 6.5 9178.0 | 13.5 c| 9.5 cl|....... 
1928, Feb. 17.8 fees 8k? 21... 5... ee | Oct. 22.5 9194.0 | 13.4 c]9.4 cl....... 
Se EG es | Oe Ee eS eee ena Oct. 24.4 9195.9 | 13.4 cl........ DS uae 
OTe a. aa Se eG ee ee Oct. 26.3 9197.8 | 13.4 cc] 9.3 cl....... 1941 
Mar.18.8| 5324.3) 14.1 f)........)....... Nov. 27.3 9229.8 | 13.4 c|........ eer 
Megat? | $808.2) 13:9 {1........ es ogee || 1939, Jan. 18.2 9281.7 | 13.6 c|........ a 
Dec 08.0] 50085 | 25.2: f}........ Ree Feb. 14.2 9308.7 | 13.9 al........ as cin 
1929, Jan. 4.9| 5616.4 | 15.4: f|........ ee | Feb. 16.1 ee ae eres, Beare 
Jan. 16.2 | A ES aS a 2 nr eee Feb. 18.1 0332.6 | 13:9 al... <>; eres. 
Meee85.8 (| $606.8 | 18:2 T1......0 che cccce. | Mar. 9.1 Fa ee ee eee ele 
Mar.27.7| 5698.2 | 15.1: f|..... sik Mar. 14.1 9336.6 | 13.9 al........ eee: 
Nov.29.0| 5944.5 | 15.4: f|........ S akcaie’ | Mar. 14.2 Oiu.s | 289 3€l........ ieee 
ee 2601 S970 116.2 f{........ Drege Mar. 17.1 9399.6 13.4 a]...:.... be taenten 
Se ee PS ee eee eee Mar. 18.1 $900.61 13.8: a|........ Sees: 
CES) A TAS ET. bce Mar. 21.1 ee ee Ee eee 
Apr. 22.7} 6089.2] 14.5 f]........ eae Mar. 24.2 a ae 2 ee eee 
Nov. 24.3 | oll Bc 4 AE Gees | Apr. 9.2 OS62.7 Vas? Cle. ccus.s eer. 
1931, Jan. 17.1 | SaeeCO i 2550 Ch assed Ree Apr. 22.2 Be ee a ER ol, Se 
1932, Jan. 7.0] 6713.5] 15.3 f]|........ ee May 12.0 Ome.5 1 12%: cl........ er 
Ss Fin. 2 Oo Ss a se wee | Aug. 27.4 9502.9 | 13.3 al........ coke 
See ae Se) eee ere Sept. 2.5 9500-0: 1 13253 C)iscesns hee = 
Se ae ee see eee Sept. 3.5 9510.0 | 13.8 c/ 89 c/7.7 ¢ 
Mar. 7.1 | Serer Grl Wess? Ch... sos cteswseen Sept. 9.4 i ce a i Kee: 5 ar howe 
Nov.28.3| 7039.8 | 15.2 cl....... ees | Sept. 9.5 $516.0 |......... es rs ee 
Dec. 2.3 eg Be eee | eee lean | Sept. 22.4 WON. 1 48.9: 0) .060805 Aecoeses 
Dec. 21.2 cae eS ES learuhated | Sept. 23.4 DEBOLON 1G Gr Ser. anni saiche we com 
1933, Jan. 23.8 7096.3 | 14.9: f]........ Penh | Oct. 8.4 Lg Be aes ee ee 
Nov. 20.3 T39658 | 4462-0, on éne css oe Oct. 14.3 ee i ee Ue 1) ee ee 
Dec. 19.2 eek Se ae | Oct. 14.4 9550.9 | 13.3 c| 8.6 cl....... 
1934, Jan. 8.1 15.6 14319 l........ ea! Oct. 21.3 6) isa al. .....<. Peay 
1935, Jan. 27.1 7000.46 1 44.3 cl.......- aes Oct. 21.4 9557.9 | 13.5 c| 8.9 c]7.3 ¢ 
Feb. 26.1 TR Via SeS SE Nos occ cc das Sen Nov. 4.3 571.8 1-48.60 ci SS €}..i55<% 
‘ Feb. 27.1 nN Oe oe 2 Nov. 5.3 O28 454 0) 39 al.....0 
Mar. 23.0 7884.5 | 14.1 d|........ eS Nov. 11.3 9578.8 | 13.1 a/ 8.9 aj... 
Mar. 26.0 oe Cee | eae Ren Nov. 15.2 9582.7 | 13.1 a|9.0 al....... 
Mar. 27.0 7888.5] 14.1 dl........ etcos Nov. 18.2 9585.7 | 12.9 al........ ee. 
Mar. 28.0 7889.5. 19450 le) occ cs Bea Nov. 21.3 9588.8 | 12.8 c/88 cl....... 
Mar. 28.1 7000.6 |.......<5 ie ar’ aes | Dec. 5.3 9602.8 | 13.0 c|8.7 c/7.5 ¢ 
Mar. 29.1 7890.6 | 14.0 c| 8.8 cl....... | Dec. 6.1 9603.6 | 12.8 a/8.9 al....... 
Mar. 30.2 eS Ree EC 2: ae | Dec. 7.2 9604.7| 13.0 a| 8.7 al....... 
Mar. 31.0 7892.5 | 14.1 dJ........ | eaere | Dec. 8.2 9605.7 | 13.1 a] 8.7 al....... 
Mar. 31.1 ee eee 0 ae en Dec. 9.1 9606.6 | 13.0 a} 8.8 a|....... 
Apr. 1.2 a te he ere ie | Dec. 10.1 9607.6 | 13.1 a/ 8.8 a| 
Apr. 3.0 7895.5 | 14.0 dl........ Meare | Dec. 12.1 9609.6 | 13.1 a/8.8 al....... 
Apr. 4.0 789065° (19870 dl. oes. Pre ee | Dec. 15.2 ey el SiOccw ls. ceed 
Apr. 7.0 | (oy Seo SY OR Ut eee svat ar extra i Dec. 17.1 0614:6'| 13.0 a| 8.7 al..... 
Apr. 24.2} 7916.7] 13.9 cl]........ ae Dec. 17.3 9614.8 | 13.0 91 cl7.5 ¢ 
Mov.25:3| B631.8| 14.4 d)........)...-..0f] Dec. 22.2 ee ee $9 61.04 
1936, Jan. 12.1| 8179.6] 13.6 c}........ ie: | 1940, Jan. 2.1 06.6 | 433 40) 88 4)... . 0c) 
Jan. 25.1 Oat. 5: : oe Bo eee Jan. 2.3 9630.8 | 13.2 c} 8.9 c¢|7.5 ¢ 
Oct. 13.4 O669 149.5 -d|........ = | Jan. 6.1 9634.6 | 13.4 a| 8.8 al..... 
Nov. 11.3 8483.81 12.7 c|8.4 cl....... | Jan. 9.3 9637.8 |......... Cae Sees 
Nov. 12.4 Meet eee ei:....... ROA Jan. 15.3 9663.8 | 13.1 ¢/ 8.7 ct}... c0. 
Nov. 14.3 8486.8 | 12.8 c] 8.4 c].......| Jan. 30.2 9658.7 | 13.2 c/ 9.1 c}] 7.4 ¢ 
Nov. 15.3 ont Pee OS: 21:,.-+55 | Feb. 10.2 | 8 a Ea 7.3 ¢ 
Nov. 17.3 8489.8 | 12.9 c| 8.5 cl....... | Feb. 12.0 9671.5 | 13.4 a| 9.5: al....... 
Dec. 19.3] 8521.8] 13.8 dJ........J.....2. | Feb. 15.0| 9674.5 | 13.1 a|91 al....... 
1937, Jan. 12.2 on45.7 | 13.1 c}$.6 c}....... | Feb. 16.1 SSG Se eee ee 
Mar. 7.2 8599.7} 13.6 c|9.0 cl]....... | Mar. 10.2 BEY gas ee ee 
apr. 2.2 SGrs.7 | isto CPO! “els. .cc.: | Mar. 13.1 9701.6 | 13.7 c}/ 9.0 c¢ 
1938, Jan. 28.2 Shes ae ere ae | Mar. 26.1 9714.6 | 13.5 a\ 9.3 a|80c 
Feb. 1.2 eee 12-8 &l:....... cae | Apr. 4.1 9723.6 | 13.9 a| 9.6 al....... 
Mar. 22.1 | 8979.6 | 1 A) ft eS Eee Apr. 7.1 meal 14.1 2 ns Ce 
4 











TABLE 5—Continued 







































































| | | } 
Us. JD mpg mpv mpr | U.t. JD mpg mpv mpr 
1940, Apr: 8.0 | 2429727:5 |. . 65... is ae) ee oe 1941, Apr. 26.1 | 2430110.6 | 13.6: a]........]....... 
Apr. 13.1 Ie eGH |, ccconiapalsconares Ry ay Apr. 27.1 | 1119 AL eNO, Sa ta ile tae 18 
Apr. 27.1 9746.6 | 13.9: a]........ | See | May 4.1 i | Smee 8.8 a|/7.4a 
May 4.1 i AC Ay a =) ee ier | Sept. 23.4 0260.9 | 15.1:: a] 9.4: a| 7.9 a 
May 7.0 SPR Ng ony) srarsreres 5 5G Claes ect 1] Nov. 14.2 OSSD: 7 | 14.23 Obs a nays shew ees 
May 9.1 9758-6} I4.52 €)ucescs bee oa cts || Nov. 17.2 OS1S.7 | 15.1:: a) 92: a} TS 
Dec: 252 9965.7 |.15.1 a] 9.3 al....... 1942, Jan. 11.2 OE EE Barer eee 7.9 ¢ 
Dec. 9.2 Ay Se a roe 9.1 od Fan. 15.1 0374.6 | 15.1: a| 9.6: a] 7.4:a 
1941, Jan. 6.1 | 2430000.6 |......... | Ser Jan. 16.2 7 Be il Pee araennes G3 1 '7:8¢ 
Jan. 31.1 0025.6 | 15.1 a] 9.4 af]....... Jan. 18.2 OSE7 FIR.” GES ones eee 
Feb. 1.2 0026.7 | 15.3 a/9.6 al....... | Feb. 10.2 dy COO SR 7.6 ¢ 
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Fic. 1.—Photographic, photovisual, and photo-red light-curves of BN Monocerotis 
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year and alternate maxima could have been missed. In this connection it should be noted 
that the discovery of the 500-day cycle depends on two observations (1941, April 21.1 
and 26.1) and that without them the recent variation would have seemed to be in a 
1000-day cycle. 

The photovisual light-curve is in phase with the photographic light-curve, but the 
amplitude is only about one-third as great.’ The amplitude of the photo-red light-curve 
is still smaller. 
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Fic. 2.—Relationship of color to magnitude (XZ Aurigae shown by x’s for comparison) 


b) COLOR CHANGES 


The color index is plotted against the photographic magnitude in Figure 2, a and 
against the photovisual magnitude in Figure 2, 6. The color index changes from +4™ to 
+6™, while the photographic magnitude drops from 12™8 to 15™5. In sharp contrast, as 
the color index increases from +4™ to +5™, the photovisual magnitude gets brighter; 
and as the color index increases further, from +5™ to +6™, the photovisual magnitude 
gets fainter. There is a strong correlation between red index and photographic magnitude 
and little or no correlation between red index and photo-red magnitude, as shown in 


7 Compare with: S Cephei, Harvard Circ., No. 188, 1915; and RV Centauri, Harvard Bull., No. 875, 
30. 
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Figures 2, c and 2, d. This is in accord with the spectral changes that have been observed 
in other stars of this class, namely, the band absorption at minimum decreases the light 
from the blue end of the spectrum and accentuates the change in relative energy. 

The observations of XZ Aurigae by Alter and Edwards’ are sufficient to indicate that 
it must be similar to BN Monocerotis. Their three determinations of color index are 
plotted as x’s in Figure 2, a and 8, after subtracting a zero-point correction of 1™3 from 
both the photographic and the photovisual magnitudes. The similarity of behavior is 
especially striking in Figure 2, b. 

The mean color index of nearly 5 mag. and the period of approximately 500 days are 
in agreement with the general relationship found by Gerasimovié and Shapley;? and 
their results also indicate that the spectral class is probably late N type.!° 


We are indebted to Dr. Harlow Shapley for the opportunity to make use of the Har- 
vard plate collection. We also wish to thank Dr. V. M. Slipher and Professor W. A. Cogs- 
hall for permission to pool our resources in this joint publication. ) 


8 M.N., 101, 295, 1941. ® Harvard Bull., No. 872, 1930. 
10 Tn a letter dated October 18, 1939, Dr. Sanford writes: 
“T have two plates of BN Monocerotis. . . .". The second plate has nearly twice the dispersion, is of 


good quality, and points to a fairly late class N star, although I had tentatively called it (N2) in my 
catalog.”’ The plate was taken on November 10, 1933. 








THE SPECTROSCOPIC BINARY 31 CYGNI* 
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ABSTRACT 


The orbital elements of the brighter component of the spectroscopic binary, 31 Cygni, a class KO su- 
pergiant, were derived from the radial velocities given by the measurement of 75 spectrograms taken 
with the three-prism Mills spectrograph in the interval 1899-1943. On a few spectrograms obtained in 
the ultraviolet with a one-prism spectrograph, the spectrum of the fainter B-type component is visible. 
From the approximate velocities yielded by the measures of these plates, the mass ratio of the brighter 
to the fainter component is estimated to be 1.7. 


The star 31 Cygni (a = 2010™5; 6 = +46°26’ (1900); vis. mag. = 4™0) was an- 
nounced as a spectroscopic binary in 1901 by W. W. Campbell.' It is listed in the 
Henry Draper Catalogue as having a composite spectrum; the brighter component is a 
supergiant of spectral class KO, while the fainter component is of spectral class B8. The 
Mount Wilson Observatory designates the star as of spectral class cK1, with the remark 
that the spectrum of the primary is veiled by that of the companion.” W. H. Christie’ 
has given the following provisional elements, deduced from 23 observations, mostly 
from the Lick Observatory: 


T = 2414400 JD 
w = 200° 

e=0.3 

K = 20.0 km /sec 
V = var. (?) 

P = 4000 days 


Christie found some evidence of a change in the velocity of the system amounting to 
+0.66 km/sec per 1000 days. 

Since the Lick Observatory had collected a series of spectrograms of this binary cov- 
ering an interval of 44 years, it was decided to compute new elements. There were avail- 
able, in all, 75 spectrograms, taken between June, 1899, and July, 1943. The first 10 of 
these were obtained with the original Mills three-prism spectrograph (Hy central) and 
the remaining ones with the new Mills three-prism instrument (A 4500 central). All the 
plates were measured by the writer on the Hartmann spectrocomparator against stand- 
ard plates of a Bootis. The results are listed in Table 1, in which, in the second column, 
is given the Universal Time of the observations, the first 16 having been reduced to this 
time. In the third column are listed the Julian days and decimals of a day, in heliocentric 
Greenwich Mean Astronomical Time; and in the fourth column are tabulated the meas- 
ured velocities. 

From a plot of the velocity data, an approximate value for the period of 3820 days 


* Contributions from the Lick Observatory, Ser. II, No. 9. 
1 Lick Obs. Bull., 1, 22, 1901. 
2 Ap. J., 81, 274, 1935. 3 Ap. J., 83, 433, 1936. 
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TABLE 1 
No. se Julian Day | coe Pia pea! Photographed by 
2410000+- | 

eye: 1899 June 21 4826.841 | —11.1 | +41.0 368 Campbell 
caren ioc July 3 4838 .855 —12.5 —0.7 380 Campbell 

cS ees rege 1900 July 31 5231.901 — 3.5 —1.5 773 Campbell, Wright 
, Serre ear Aug. 13 5244.922 | —1.8 | 0.0 786 Campbell, Wright 
Bi Mac Oct. 8 5300.695 | —2.2 | —1.5 842 Campbell, Reese 
Rea Se 1901 June 6 5541 .944 + 2.6 | —0.3 1083 Reese 

| PE eee Oct. 14 5671. 784 +48 | +0.6 1213 Campbell 
Riigcicsres | 1902 May 28 5897 .918 + 4.1 | -—1.2 1439 Wright 
Oe . Sept.10 | 6002.801 +39 | -1.4 | 1544 Reese 
ERE. 1904 Nov. 23 6807 .643 — 3.3 —1.1 2349 Moore 

(0 Sheet net 1912 May 10 9532 .989 + 5.8 +1.2 1271 Moore, Reese 
ee nia cases June 17 9570. 834 + 4.4 —0.5 1309 R. E. Wilson 
Brats stone July 8 9591. 748 + 4.7 —0.2 1330 Kiess 

DR even ste ca July 21 9604 .963 + 4.8 —0.2 1343 Pitman 

15. Oct. 21 9696 . 665 + 6.0 +0.7 1435 R. E. Wilson 

2420000-+ 

NOo earn 1923 June 6 3576.905 + 6.3 +1.0 1512 Neubauer 
1928 Oct. 10 5529. 700 —22.1 | —0.1 3465 Paddock 
Re 1930 June 6 6133.894 | —14.7 | +0.2 266 Paddock 
RRR 1931 July 13 6535.935 | — 3.8 | +0.6 668 Moore 
MMNGe as hia July 22 6544.353 | — 3.4 | +0.7 677 Paddock 

|. RT Oct. 5 6619.700 | —40 | —1.6 752 Neubauer 
Sata ae Nov. 24 6669.649 | — 1.4 | +0.1 802 Moore 

Bey xs seen | 1932 June 24 6882.877 | +2.1 | 0.0 1015 Paddock 
na | July 15 6903 .906 | +3.9 | +1.4 1036 Paddock 

25. 1933 July 4 7257.844 | + 6.2 +1.0 1390 Paddock 
ER eo July 28 | 7281.944 | +7.0 | +1.8 | 1414 | Paddock 
Es Aug. 30 7314.802 | + 7.0 +1.7 1447 Moore 

Se 5ccnieetne Oct. 18 7363.730 | + 6.1 +9.8 1496 Paddock 

: eee 1935 May 6 7928.959 | + 1.8 —0.1 2053 Moore 
ae | May 12 7934.959 | + 2.0 +0.2 2067 Paddock 
ioe 2.ne aie Sept. 13 8058.746 | + 0.1 —0.1 2191 Moore 
eee Sept. 18 8063.809 | + 0.2 | +0.1 2196 Moore 
tr re Oct. 9 8084.717 | —09 | -—0.7 2217 Moore 

|. Sept ee Oct. 26 8101.656 | — 0.1 | +0.1 2234 Wyse 

5 ay 1936 June 17 336.977 | — 4.5 | -—@2 2470 Paddock 

Roe ae ek June 26 8345.842 | 22 | ES 2478 Paddock 

ae. July 30 8379.943 | — 4.5 | +0.5 2512 Paddock 
aca wanes Aug. 1 8381.966 | — 5.1 | 0.0 2514 Paddock 

Be aidscnn or | Aug. 5 8385.9385 | —54 | -—0.2 2518 Paddock 
ESO Aug. 25 8405.965 | —60 | —0.4 2538 Paddock 
ae Oct. 23 8464.689 | — 8.1 —1.4 2597 Paddock 

MRS 52h seoord ca Nov. 9 8481.636 | — 7.9 —0.8 2614 Moore 

Ne re 1937 Aug. 7 8752.929 | —12.1 +0.6 2885 Moore 
eee Aug. 12 8757.915 | —13.3 —0.5 2890 Paddock 
Meise anwes Aug. 19 8764.970 | —14.0 —1.0 2897 Paddock 
eae! Aug. 23 8768.888 | —13.0 0.0 2901 Paddock 

BS 2 oes ge 1938 June 15 9064 . 986 | —18.2 +0.6 3198 Paddock 
eee Aug. 4 9114.938 | -—19.1 | +0.4 3248 Stillwell, Baum 
ee | Aug. 7 9117.951 | -—20.3 | -0.7 3250 Stillwell, Baum 
Se eee | Aug. 15 9125 .922 —20.1 | —0.3 3258 Stillwell, Mowbray 
RR rene Sept. 2 9143 .909 —18.8 | +1.3 3276 Moore 

ARES eee | Sept. 1 9153 .784 —20.5 | —0.3 3286 Moore 
SOS | Oct. 17 | 9188.689 —19.8 | +0.8 | 3321 | Paddock 

Se oe | Oct. 20 9191. 687 —19.7 | +1.0 3324 Moore 
ee | Nov.17 | 9219.636 —19.8 | +1.2 | 3352 | Paddock 
Ca rece | 1939 Aug. 1 9476 .967 —-23:.4 | -1.3 | 4@ Moore 

7 AME A a Aug. 2 9477 .910 —23.8 | -—f.7 | 3610 Moore 





| 
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TABLE 1—Continued 











no ; 
No. | 4 | Julian Day an poe — Photographed by 

oe... 5 fe | 1939 Sept. 7 9513 .821 —21.4 +0.6 3646 Moore 

| Ro Oct. 17 9553.653 —21.4 +0.3 3686 Neubauer 
oo. . a Nov. 4 9571.699 —21.9 —0.3 3704 Paddock 
| OS Nov. 8 9575 .688 —21.4 +0.2 3708 Paddock 
62...........| 1940 May 26 | 9775.945 184 | -02 106 | Paddock 
ee, eee July 10 9820.931 | —16.7 +0.9 151 Paddock 
apple a July 14 | 9824.970 —%6.7 | 4038 155 | Paddock 
O5....--. 0054 Sept. 10 9882 .771 —16.6 —0.5 212 Paddock 
66. . | Oct. 11 9913.724 —16.6 —1.2 243 Paddock 

2430000+ 

pe | 1041 Aug. 9 | 0215.893 ~5.6 | +18 | $46 |. Moore 
BRIS Sept. 7 0244. 809 — 6.3 +0.3 574 Moore 
 aiilas cate p in cen Nov. 7 0305. 681 — 4.4 +0.8 635 Moore 
70...........| 1942 July 6 | 0546.949 +6.2 | 40.2 877 | Paddock 
f Eee Aug. 3 0574.880 + 0.5 +0.1 904 Paddock 
Mee tia kh eet Oct. 18 0650. 641 + 0.2 —1.4 980 Gordon 
Be Ae, | 1943 June 18 | 0893.962 +2.4 | —2.0 | 1224 | Nagtegaal 
CS ares eee June 20 0895 .835 + 3.3 —1.0 1226 Nagtegaal 
eee | July 17 | 0922.824 | + 3.2 | —1.3 | 1252 | Moore 




















was found; and, on the basis of the corresponding velocity-curve, the following prelimi- 
nary elements were derived by the method of Lehmann-Filhés: 

T = 2422072 JD 

w = 213.13° 

e=0.12 

pw = 0.09424° 

K = 14.9 km/sec 

V = —7.1 km/sec 


With these elements an ephemeris was computed. This was compared with the ob- 
served velocities, and the resulting residuals were used for deriving differential correc- 
tions to the elements by the method of least squares. The observations were grouped into 
35 normal places, only those of the same epoch being combined to form a normal place, 
since a correction to the period was to be included among the unknowns. The solution 
resulted in the following elements with their probable errors: 

FINAL ELEMENTS 

T = 2422064.7 JD+27%8 

w = 209.65°+ 2.61° 

e = 0.131 + 0.006 

K = 13.78+ 0.08 km /sec 

V = —6.87 km/sec 

u = 0.094666° + 0.000067° 

P = 3802.84 + 2.69 days! 

ad; sini= 720 X 10% km 
m) sin? i 
(m,+ m2)” 


The probable error of a single observation of unit weight is +0.50 km/sec. 


= 1.0070 


4 This is the apparent period; the true period = 3802.93 days. 
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The solution reduced the sum of the squares of the residuals from 110.340 to 39.160; 
this fact shows that the new elements are considerably more satisfactory than were the 
preliminary ones. A complete check on the solution is furnished by the circumstance 
that the differences between the residuals derived from the ephemeris based upon the 
new elements and those derived by substitution of the unknowns into the 35 equations 
of condition in no case exceed 0.1 km/sec. The residuals from the ephemeris are listed 
in the fifth column of Table 1. Figure 1 shows the velocity-curve corresponding to the 
final elements. The observations are marked as vertical lines, the half-length of which 
corresponds to the probable error; the periastron is denoted by the letter P. 

To test whether there is any evidence that the velocity of the system is variable, as 
suggested by Christie, the residuals of the individual observations were plotted against 
the time. No evidence of such a variability in systemic velocity was revealed by the 
present material. 

Attempts were made by Dr. Moore to secure spectra of the class B companion. For 
this purpose a light-flint, one-prism spectrograph (equipped with a 12-inch camera) was 


km/sec 
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Fic. 1.—Velocity-curve of 31 Cygni 


used in conjunction with the 36-inch refractor. The plates employed were Eastman 103a0 
and Cramer Hi-Speed; and the exposures ranged from 30™ to 150™. On account of the 
strong absorption of ultraviolet light by the telescopic objective, it was not possible to 
obtain measurable lines lying to the violet of \ 3750 A, even with an exposure of 150™, 
although in the usual photographic region (H to H4) of the spectrum an exposure of 5™ 
was sufficient to produce a measurable spectrum of the K-type star. 

The spectra showed a number of lines in the region AX 3700-4100, a few strong lines 
belonging to the B-type component, and several fainter lines, due to the supergiant 
class K star. All the lines were difficult to measure; but on each of 7 plates, taken near 
the date of the nodal passage in 1943, it was possible to measure 2 to 4 lines belonging to 
the B-type star. The wave lengths and the identifications of the 7 lines in the spectrum 
of the class B star, which were utilized, are listed in Table 2. Data relating to the radial 
velocities and the number of lines upon which the measurement depends are given in 
Table 3. 

The weighted mean of the velocities is — 22 km/sec, which, with the systemic velocity 
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and orbital eccentricity as herein derived, yields the value of K2 = 17 km/sec. Thus, 
for K,; = 13.8 km/sec and Ke = 17 km/sec, we obtain a mass ratio of 


mM, 
me 


ee 


The foregoing value of Ky must be considered as being very uncertain, not only because 
the diffuseness of the spectral lines makes the measurements inaccurate, but also because 
this value has been derived from velocities determined at only one nodal passage. The 
uncertainty in the value of Ke arising from the latter circumstance cannot properly be 
removed except by observations made near the other node or in other parts of the 
velocity-curve, since, for its derivation, the velocity of the system, as given by the three- 
prism velocities of the bright component, was used. Thus, if there is a systematic differ- 


TABLE 2 
SPECTRAL LINES OF THE B-TYPE COMPONENT 
rN Element r Element 

TOMI oc Sie She ww Giereearde H CHIR) | SBSO AL. ook ree 5a 
CO A ee a er H (H8) 
CS US rr He UC |S 5 rr ae H (H.) 
ae eh a H (H9) 

TABLE 3 


RADIAL VELOCITIES OF THE B-TYPE COMPONENT 
































; Exposure 
i U.F. JD Rad. Vel. Lines Sc is 
me | 1943 2430000+ | Km/Sec Measured Weight Piete be 
aay 

| | Aug. 21 0957.762 | —20 Ot, H8, He 1 | East. 103a0 | 30 
31 0967 . 683 —22 H 11, He, H8, He 1 Cr. H. Sp. 120 
et ee oe 1005.765 —li H 11, He 3 Cr. H. Sp. 150 
To... ccsae | INOVi29 1057 .608 —32 He, H9, H8 1 Cr. H. Sp. 120 
. Loe Dec. 4 1062. 586 —41 He, H8 3 Cr. H. Sp. 50 
> DS ere 4 1062 .637 —20 H 11, He, O*,H8 1 Cr. H. Sp. 90 
7 ee | 14 1072 .594 — 9 H 11, He, H8 1 Cr. H. Sp. 90 











ence between the measures made with the two instruments, an erroneous value of Ke 
would be obtained. In the absence of the required observations, an attempt was made to 
test for the presence of such a systematic difference by measuring 5 or 6 of the stronger 
lines of the K-type star that were visible in the ultraviolet on the 7 one-prism spectro- 
grams. The identifications and wave lengths used for these lines were those given by 
Miss Dorothy Davis? for the spectrum of Antares. Although the lines were comparative- 
ly well defined, their measurement and identification were rendered difficult on account 
of the small dispersion and their faintness, which was due tn» the veiling of the spectrum 
by the B-type component. The velocities of the K-type star given by the measurements 
of the 7 spectrograms, when compared with the values predicted by the three-prism 
velocity-curve, indicated a systematic difference of the order of —5 km/sec in the sense 
three-prism minus one-prism. Thus, if we assume that this is an instrumental correction, 


6 Ap. J., 89, 41, 1939, 
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the one-prism velocities should be corrected by this amount, and we obtain Kz = 23 
km/sec. From this value it follows that 





mM 
Me 


1.7 


and 
m, sini = 120 
my sin’ i= 7© 
dy sin 2= 1224 10% km 


As far as the available evidence goes, we appear to be justified in assuming that the 
mass ratio is of the order of 1.7, although, on account of the uncertainty referred to pre- 
viously, this value must be regarded as little more than a rough estimate. 

The trigonometric parallax of 31 Cygni is given in Schlesinger’s General Catalogue of 
Stellar Parallaxes (1935) as —0"006 + 07007, while the spectroscopic parallax corre- 
sponding to the Mount Wilson® absolute magnitude of — 1™8 is 07005. With the spectro- 
scopic parallax and the values of a; sin i and a sin i given previously for m:/mz2 = 1.7, 
we obtain, for the maximum angular separation of the two components of the binary, 
d = 0"074, a value which is below the visual limit of resolution of the 36-inch refractor. 
It may be worth while, however, to examine the star for duplicity with one of the larger 
reflectors at or near the time of apastron passage, which will occur in April, 1945. Since 
the apparent major axis of the orbit of the B-type companion is 07082 and that of the 
K-type star is 07048, it may be possible to measure the displacements of either com- 
ponent with reference to neighboring stars on photographs taken with an ultraviolet 
filter for the class B star and with a yellow or red filter for the K-type star, and thus to 
determine their absolute orbits. 


This investigation was proposed by Dr. J. H. Moore, to whom I wish to express my 
hearty thanks for many helpful suggestions during its course. 


6 Ap. J., 81, 57, 1935. 
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ABSTRACT 


Radial velocity —Between 1904 and 1931, spectrograms at various observatories indicated a nearly 
constant velocity; but between 1935 and 1944 a fluctuation of considerable amplitude occurred. At the 
extreme velocities a progression in displacement from line to line along the Balmer series was observed. 
Microphotometer tracings showed the bright Ha line to be more nearly stationary than its dark core. 
Velocities from metallic lines agree with those of H lines near the head of the series. Lines of Na 1 and 
Ca 11 have stationary components which are possibly partly circumstellar. 

Intensities of lines —The dark lines of H and of metals—notably lines of Feu, Cru, Ni 1, and Ca 1 
—became stronger from 1938 to 1943. In certain typical lines the equivalent widths more than doubled. 
The absorption in H 15 increased from 38 to 87 per cent. In the dark core of Ha the absorption became 
more than 90 per cent, showing that absorbing atoms lay in front of most of the emitting atoms. In 1943 
the dark Balmer lines were measured to H 41. The H cores and the metallic lines are narrow but at times 
asymmetrical. The change in structure does not explain the measured displacements. 

Discussion.—Displacements of the lines are probably due to motions in the stellar atmosphere. The 
amplitude of the fluctuations seems to increase from the photosphere outward. Several facts suggest that 
the bright H lines may come from a layer of hydrogen just above the photosphere. This hypothesis may 
be applicable to other Be stars with shell spectra. 


The Harvard objective-prism survey showed that the spectrum of 48 Librae! “‘is pe- 
culiar in combining sharply defined hydrogen lines with very wide and ill-defined helium 
lines.’ Miss Annie J. Cannon considered the spectrum composite and suggested that 
the star might be a binary. 

The Ha line was found to be bright on an objective-prism photograph taken at Mount 
Wilson’ on March 20, 1928. Slit spectrograms later showed this line to have a very strong 
absorption core.** Strong, well-defined cores with a slow decrement in intensity char- 
acterize the whole Balmer series. Weak emission is sometimes present on the edges of 
HB. Narrow dark lines of Ca 11, of Fe 11, and of other ionized metals are present in mod- 
erate (and variable) intensity. Lines of He 1 are weak and very diffuse. 

Numerous slit spectrograms taken from 1904 to 1931 at various observatories indi- 
cated a nearly constant radial velocity. It was a surprise, therefore, to find that between 
1935 and 1939 the velocity derived from the metallic lines and from the ultraviolet mem- 
bers of the Balmer series decreased about 100 km/sec and then returned to its previous 
value.® The Balmer lines HB, Hy, and Hé6 were displaced only about half as much. This 
remarkable occurrence and the behavior of the spectrum from 1939 to 1944 are dis- 
cussed in some detail in the present Contribution. A summary of early observations is 
included. 

OBSERVATIONS, 1904-1931 


Yerkes Observatory.—Two spectrograms’ obtained in 1904 and four in 1915 were for- 
warded to us through the kindness of Dr. O. Struve. Our measures of the lines HB, Hy, 
* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washington, No. 690. 

1HD 142983, BD —13°4302: 1900 a 15552™6, 6 —13°59'; mag., 4.7. 

2 Harv. Ann., 96, 229, 1921. 

3 Merrill, Humason, and Burwell, Mt. W. Contr., No. 456; Ap. J., 76, 156, 1932. 

4P. W. Merrill, Mt. W. Contr., No. 432; Ap. J., 74, 188, 1931. 

5 Merrill and Sanford, Pub. A.S.P., 52, 279, 1940. 5 Ap. J., 76, 210, 1932. 
14 
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and H6 on the 1904 plates yield the mean velocity —5 km/sec. The published’ mean 
velocity from the 1915 plates is —10 km/sec (Ca 11, —7 km/sec). 

Lick Observatory.—Four spectrograms obtained in 1922 at the Chile station and one 
in 1924 at Mount Hamilton® yielded the mean velocity —14 km/sec. 

Mount Wilson Observatory.—Three low-dispersion plates were obtained in July, 1910, 
with a temporary form of spectrograph. The mean velocity, +3 km/sec, from HB, Hy, 
and H6 is not very reliable. No other lines are measurable. One plate of the blue-violet 
region was obtained with a better spectrograph in each of the years 1925, 1926, and 1928. 
One or two plates of the visual region were obtained in each of the years 1928, 1929, and 
1930. The measured velocities from these early Mount Wilson plates (Table 1) are not 


TABLE 1 


RADIAL VELOCITIES: 1904-1931 
(One-Prism Spectrograms unless Noted; Representa- 
tive Dispersion, 35 A/Mm at Hy) 























NorMAL PLaces 
DATE OBSERVATORY Rap. VEL. aged 
| Jd. Rad. Vel. 
km/sec km/sec 
1904 June 10....... Yerkes — 4 _ 
Re suns | Yerkes —7{ 2416646 5 
1910 July 16...... | Mt. Wilson (+ 3)* 2418869 (+ 3) 
1915 Mar. 29.... ..| Yerkes + 3 ) 
30.......] Werkes —13 | c om 
Apr, 2.......:) -Werkes —11 { 2420589 10 
5......-) Weekes —20 } 
1922 Mar.18.......| Lick (Chile) —19 ) 
Apr. 17.......| Lick (Chile) —14 | _ee 
26.......| Lick (Chile) =11 | 3100 15 
30.......] Lick (Chile) —15 | 
1924 Apr. 9.......| Lick (Mt. H.) — 9 3886 — 9 
1925 Apr. 7.......| Mt. Wilson — 3 4248 — 3 
1926 May 2...... Mt. Wilson —25 4638 —25 
1928 May 18....... Mt. Wilson (— 7) 5423 a 
Aug. 2f......| Mt. Wilson (+ 5)f pred 
1930 July 117......| Mt. Wilson (+ 2) P= 
12+......| Mt. Wilson + 6] 6170 vis 
1931 June 5f......| Mt. Wilson (— 7) 6498 (— 7) 

















* Mean of three plates. 
t Visual region; small grating spectrograph, dispersion 65 A/mm. 


very accurate; with the possible exception of the result for 1926, they appear to agree 
within the uncertainties of measurement. In fact, most of the range in the whole of 
Table 1 could probably be considered observational rather than intrinsic. The early 
velocities are plotted in Figure 1. The velocity adopted in J. H. Moore’s Catalogue of 
Radial Velocities® is —12.1 km/sec. 


OBSERVATIONS, 1935-1936 


Spectrograms obtained at Yerkes'® and at Mount Wilson in 1935 (Table 2) yielded 
interesting results. Velocities from the H lines were slightly lower (algebraically) than 

TAD. J., 64, 00, 1926. 9 Pub. Lick Obs., 18, 125, 1932. 

8 Pub. Lick Obs., 16, 233, 1928. 10 Kindly forwarded to us by Dr. Struve. 
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those measured in previous years, while velocities from metallic lines were still lower. 
In 1936 these discrepancies were more striking. On the last plate of Table 2 the velocity 
derived from HB was —42 km/sec; that from H¢, —60 km/sec. This curious progression 
in measured displacement of successive members of the Balmer series, as well as the du- 
plicity of the sodium D lines on the preceding plate, will be discussed in following sec- 
tions in connection with related results in other years. 


OBSERVATIONS, 1938-1944 


Since 1938, when we began to observe 48 L brae more assiduously, we have obtained 
numerous spectrograms each year, an increasing proportion of them having a dispersion 
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Fic. 1.—Radial velocities, 1y04-1944 
TABLE 2 
RADIAL VELOCITIES: 1935-1936 
RapiAL VELocity (Km/SEc) 
DATE 5.D. OBSERVATORY | 
H 6 Ca Feu Siu Nat bor 
1935 Apr. 13...| 2427906 Yerkes EMO V ersdhteaeees SONNE LS si Ss Saleen ote | — 35 
June 8... 7962 Yerkes eee eS oot | a ee (epee mete | — 50 
July 15.. 7999 | Mt. Wilson | —30 | —41 | — 6O]........|....... | ~ 
1936 June10...| 8330 | Mt. Wilson |........]........ | (—106)} —91 | {—"5\) —100 
June 29... 8349 Mt. Wilson —53 —97 IRON, Sa ovevig lw as-asre .| —104 
ee —_ oe See 




















of 10 A/mm, a scale three or four times that of the earlier plates. (See Table 3.) We are 
indebted to W. S. Adams for two plates with a dispersion of 2.9 A/mm. Normal places 
obtained from the velocities in Table 3 are collected in Table 4 and are plotted in Fig- 
ure 2. The relative displacements of various lines will be discussed in following sections. 

Results obtained from numerous spectrograms taken in the years 1941-1943 at the 
Yerkes and McDonald observatories have been reported by O. Struve"! and by W. A. 
Hiltner.'2 Normal places obtained from Struve’s velocities are collected in Table 5. 
Comparison with the Mount Wilson curve, Figure 2, shows small but consistent residu- 
als. The systematic differences may arise in various ways from the slight asymmetry of 
tiie lines. Curves plotted from the Yerkes and from the Mount Wilson results are closely 


parallel. 


1 Ap. J., 98, 98, 1943. 2 Ap. J., 99, 103, 1944, 
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TABLE 3 
RADIAL VELOCITIES: 1938-1944 
RapiAt VELocity (Km/SEc) 
DATE J.D. PLATE aki 
H 6 H 28 Mu 
1938 Mar. 14....... 2428972 V 2174 =e ThA es —61 
1) Get 8975 Ce 1638 —44 —76 —72 
LS aa: eee 9007 V 2205 ee OR ce See —43 
May: 17. ......-. 9036 Ce 1679 se Oe —52 
| Pa 9039 V 2227 —38 Ok rt thy —47 
Hane 28. <<... 9061 Ce 1688 Co) an peer i, —48 
) ew 9062 Ce 1689 —26 —49 —50 
i, ee ee 9064 V 2293 ee Bs sate on —44 
i ee 9066 V 2303 an See ee —41 
Beene a 9066 V 2305 ame Dasha’ ccuertaceas —46 
if: eee? 9067 V 2309 Hae Bowen eee —47 
Boss cass cire 9067 V 2310 SE Ye Seaer tec oe —48 
ily fas oak: 9093 V 2336 EMM Bec gisele ae are —38 
Aug. 16....... ay | VS) CE fa cu. —26 
ee 9127 V 2380 I NDS ies cece oa ah —29 
1939 Mar. 4....... 9327 Ce 1926 —16 —16 —16 
Or 9328 Ce 1931 —15 —16 —14 
aero 9329 Ce 1937 —17 —16 —15 
1S | eee 9334 V 2415 As Po dord wre arerecs —14 
May 4.52025; 9388 Ce 2021 Eee Bi. s 5 ates (— 7) 
BE. coe 9388 Ce 2022 —15 — 8 — 9 
yone 6) .25.<. 9421 Ce 2048 — 9 0 —2 
Faby SE. occ, 9476 Ce 2063 — 8 0 0 
Aug. 30....... 9506 y 22110 gk MR See eee + 2 
1940 Feb. 27....... 9687 Ce 2275 + 2 +11 +16 
Mar. 24... 2.4. 9713 Ce 2300 + 7 +16 +20 
Fale 252 os 53.2 9836 Ce 2379 +11 +20 +23 
¢ AR peal 9836 Ce 2380 MEM Easy Reveal +23 
1941 May 12....... 2430127 Ce 2571 +20 +28 +28 
1 |. ees 0131 C 7679 aC © Decavens sw dba +31 
ls: Fe. ns. 0190 C 7682 AM BOS 3 Saetaels +30 
| 2 ee 0191 C 7687 eee Be. aes +29 
AIG. Seo hecs 0215 C 7694 a Ses eee +33 
: 0216 Ce 2597 C7: |) Tl Peer) Motee eer Are 
ee tee 0219 Ce 2601 So a Serre +25 
1942 Mar. 1. ...... 0420 Ce 2731 +20 +23 +22 
3 ERS eS 0421 Ce 2736 +19 +24 +21 
May 30....... 05160 Ce 2794 sat | I CREPES <earate +19 
June 28... .. 6: 0539 Ce 2808 +17 +17 +13 
July :/ Se 0568 RE Ess cate eles bee elee Bars +17 
1943 Feb. 25....... 0781 Ce 2960 + 6 +4 +4 
May 18....... 0863 Ce 3031 + 2 0 +1 
oe 0864 Ce 3034 — 1 —2 0 
| er 0865 Ce 3039 +1 + 1 + 1 
June l6. ........ 0892 Ce 3070 Sethe! Weaken vn eee -1 
et 0899 Ce 3079 — 2 —2 — § 
ne Oe | Coste tf =-— 3 beissecs | = 
1944 Feb. 10....... 1131 Ce 3391 | —18 —23 —23 
| | 





NOTES TO TABLE 3 


The V plates were taken with a three-prism spectrograph, dispersion at Hy, 
35 A/mm. The and C plates were taken with one-prism spectrographs attached to 
the 60-inch and 100-inch telescopes, respectively; dispersion at Hy, about 40 A/mm. 
The Ce plates were taken with the coudé spectrograph at the 250-foot focus of the 
100-inch telescope; dispersion 10 A/mm except Nos. 2794, 2822, and 3070, on which 
it was 2.9 A/mm. 
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HYDROGEN LINES 


The Balmer series of hydrogen is exceptionally well developed in the spectrum of 
48 Librae, being remarkable for the intensity, sharpness, and number of its lines. (See 















































TABLE 4 
RADIAL VELOCITIES: NORMAL PLACES 
‘ H 28 and F H 28 and 
5.D. Wt. H 6 poe J.D. Wt. H6 Mu 
km/sec km/sec km/sec km/sec 
2428974..... 3 —41 —71 2430128....... 3 +21 +29 
OO07 .......- 1 —40 —43 EMO ees cc 2 +24 +30 
_ i Se ee 3 — 33 —50 (74 are 3 +21 +28 
ee 9 —32 —47 OBZ. ic. 4 +20 +23 
9092. . 1 — 33 —38 S80... <5 2 +20 +19 
9127. 2 —32 —28 UO 2 +17 +15 
re 9 —16 —16 OS08....... 7 a! Uae Re eer rs: +17 
9388 3 —14 — 8 OFS. ........<s-- 2 + 6 + 4 
9421 2 — 9 — 1 0864...... 6 + 1 0 
ee 2 — 8 0 pare 3 —2 — 3 
9506.... 1 + 1 + 2 0954.... 2 — 3 —7 
0687. .... 2 + 2 +13 FSi... 2 —18 —23 
O7tS...- «. 2 + 7 +18 
OBS6. «65% 4 +11 +22 | 
+40 
KM/SEC 
+20 
fe) 
-20 
2 
o-40 
> 
2-60 
oO 
a 
c 
-80 
-100 = = 
-i20 
-140 
J.0.2428000 8400 8800 9200 9600 2430000 0400 0800 1200 


Fic. 2.—Radial velocities, 1935-1944. Circles and solid line represent velocities derived from H 28 
and lines of ionized metals; crosses and dashed line, velocities from H 6. See text. 


Pls. II and III and Fig. 3.) At Ha a strong emission line about 28 A wide is divided by an 
absorption core about 2 A wide which undergoes marked changes in intensity. The struc- 
ture of HB is somewhat similar, but the emission is very much weaker. At //7, little if 
any emission remains. This rapid decrement in the intensity of the bright H lines is 
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THE HEAD OF THE BALMER SERIES IN THE SPECTRUM OF 48 LIBRAE 
Above: Plate Ce 3031, May 18, 1943 
Below: Plate Ce 3034, May 19, 1943 











PLATE III 


He tlt Hl | | li | Kd 
etal 
ttl ll tl | | i | td 





He 
4026 


7 
' 


Tt sctaadhansh oh bits hid atta ™ 
; > i RL pai , PRECIP N, pd array, ’ yen 


Coll 


HS He Hs 








Pag PAO pO TEy 2A FORNARINA ANNES OTN GEM NERA ts etRRCA NY AAYOOS NN A, ANIA ON Ay 
7 i, ’ wa 


Sill uM 
4128 413) Fell 
4173 4179 
Fell 
4233 
Hy 
crf eNem : 


Pash iil eal aT ate We ees Te TT 
\ \ ¥ / vi VY mn es ios an % ‘ WAS faa oer, ale 4 
\ ‘ 


| . | \/\"ynry 
Fell ot \ cf \ 


4417 Hel me 
Fell 4468 4471 Cri. 
4352 4559 
Fell 
4549 


THE SPECTRUM OF 48 LIBRAE WITH MICROPHOTOMETER TRACINGS 
Plate Ce 3034, May 19, 1943 




















48 LIBRAE 19 


characteristic of spectra of types B8e and Ae. The well-defined dark cores, on the other 
hand, weaken but slowly toward the ultraviolet. Because they remain narrow, they are 
resolved well toward the head of the series. On a plate of 48 Librae taken in 1943, lines 


TABLE 5 


RADIAL VELOCITIES: NORMAL PLACES FROM YERKES AND 
MCDONALD OBSERVATIONS 























H Mu 
Rid. Wr. ~ itil Re pal 
Y minus Y minus 
3 | Mt. W. 7 Mt. W. 
| km/sec | km/sec km/sec km/sec 
2429748....... @:5 + 5 Sa ee Pe ret Fe Oe EEE 
2430080....... 5 +1€ —3 +24 — 5 
0494....... 7 +15 —4 +11 — 9 
6.) 8.5 + 2 —4d — 5 — 9 
J ee 8 0 —4 —10 —12 
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Fic. 3.—Continuous absorption at the head of the Balmer series. Above: Ce 3031, May 18, 1943. 
Below: Ce 3034, May 19, 1943. The difference in the appearance of the two tracings is due to the difference 
in density of the original spectrograms. 


up to H 41 were measured. Variation from year to year in the intensity and structure 
of the H lines is apparent upon inspection of the spectrograms. 

Photometric observations of hydrogen lines.—Measurements of microphotometer trac- 
ings show that the equivalent widths of the dark lines of the Balmer series more than 
doubled from 1938 to 1943. The absorption of the continuous spectrum near the head 
of the series, measured in the manner indicated in Figure 3, increased from 17 to 54 per 
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cent. During the same interval the maximum absorption in the line H 25 increased 
from 26 to 66 per cent; in H 15, from 38 to 87 per cent. In February, 1944, the absorp- 
tion was somewhat less than in 1943. (See Table 6, cols. [3], [4], and [5], and Figs. 4 
and 6a, 8, c.) 

The dark core of Ha gradually became stronger from 1938 to 1944. Its residual in- 
tensity, in terms of the continuous spectrum outside of the emission components, de- 
creased from 1.5 to 0.3 (Table 6, col. [9], and Figs. 5 and 7). Referred to the highest in- 


TABLE 6 
DATA FROM MICROPHOTOMETER TRA INGS 
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tensity of the emission borders on either side, these values become 0.7 and 0.1, respec- 
tively. Since the intensity of the center of the original emission line was undoubtedly 
higher than that recorded on the plate at either side of the dark core, the actual absorp- 
tion at the center of the line must have varied from more than 30 per cent to more than 
90 per cent. The absorbing atoms must have been not only in front of the photosphere 
but also in front of most of the H atoms emitting light near the center of the Ha line. 
The significance of this conclusion is discussed in another section. 

In 1942 and 1943 the dark H lines appeared slightly unsymmetrical, the violet edges 
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being less sharp than the red edges. Accordingly, the asymmetry of lines H 6 to H9 
in the years 1938 to 1944 has been studied by means of microphotometer tracings of 
suitable spectrograms. The total area of a given line as it appeared on a tracing was di- 
vided into two parts by a vertical line through the point of maximum absorption. The 
ratio of the violet to the red area serves as a measure of the asymmetry. The line is 
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Fic. 4.—H. and Hn in 1939 (above) and in 1943 (below) 
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Fic. 5.—HB in 1938 (above) and in 1941 (below); low dispersion. Ha in 1938 (above), in 1941 (center), 
and in 1944 (below). 


shaded toward the red when the ratio is less than unity an‘ to the violet when it is greater 
than unity. The decided changes from year to year are s..own by Table 6, column (14), 
and by Figure 6f. 

The broad emission wings on either side of the dark core of Ha, shown in several 
tracings (Fig. 5), may or may not be symmetrical with respect to the core. The intensity 
of the highest point of each wing on various plates is recorded in Table 6, columns (6) 
and (7). The unit employed is the intensity of the adjacent continuous spectrum. To 
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Fic. 6.—Photometric data. See text 
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obtain the intensity of the emission alone, subtract 1.00 (or a somewhat smaller value if 
allowance is to be made for a broad uaderlying absorption line). 

The ratio V/R, Table 6, column (8), of the intensities of the two emission components 
provides a fairly sensitive indication of the relative position of the absorption core with 
respect to the maximum of the original broad emission line. As shown by Figure 7, the 
curve of V/R plotted against time runs nearly parallel to the curves for the displace- 
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Fic. 7.—Data concerning the Ha line. Above: Intensities of bright and dark components in percentage 
of the continuous spectrum. Below: Radial velocities (scale on left) and relative intensity of the two bright 
components (scale on right). 


ments of the dark lines. Similarly, Figure 8 shows the values of V/R to be correlated 
with the displacements of dark Ha. The facts indicate that the emission line had smaller 
displacements than the absorption core. In other words, the dark core seems to have 
moved back and forth on a stationary or nearly stationary bright line whose position 
would correspond to a radial velocity of about —2 km/sec. Similar behavior has been 
observed in other Be stars and may perhaps be characteristic of bright-line stars with 
shell spectra. 

Displacements of hydrogen lines.—The slight asymmetry of the H lines is not sufficient 
to interfere seriously with measurement of their displacements. On some of the later 
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coudé plates (dispersion, 10 A/mm) the probable error of measurement of a single line 
from H 5 to H 25 or H 30 is about 0.7 km/sec. Because in certain years the measured 
displacements of the lines have exhibited a well-marked progression from Hf or Hy 
toward the head of the series, the results from individual lines on numerous plates have 
been compared. The behavior of the lines from 1938, when the average displacement was 
about —60 km/sec, to 1941, when it was +24 km/sec, is shown in Figure 9. Similarly, 
the decreasing displacements from 1941 to 1944 are shown in Figure 10. As representa- 
tive points in the series we have chosen H 6 and H 28. The corresponding values for 
each plate (Table 3) were read from smooth curves like those in Figures 9 and 10, drawn 
through the plotted values for individual lines. 

The displacements seem to have no significant relationship to wave length. See Fig- 
ure 11, in which are plotted smoothed curves for the H lines measured on plates Ce 1638 
(negative displacement) and Ce 2571 (positive displacement). 





1.2 














—40 Km/SEC —30 -20 -10 fe) +10 
RADIAL VELOCITY 
Fic. 8.—Relative intensity of the emission components of Ha plotted against the radial velocity from 
the dark lines. 


If the velocities continue their present trend, the next year or two may present an 
opportunity of studying more thoroughly the interesting phase of large negative dis- 
placements with a rapid progressive shift from line to line of the Balmer series. 


METALLIC LINES 


Numerous metallic lines—notably those of Fe u, Cru, Ti u, Niu, and Ca 11r—have 
been quite prominent since 1942. The metallic spectrum is well exhibited by Struve’s 
list,!! which contains about four hundred metallic lines between \ 3289 and \ 4823, 
more than one hundred of which are below the head of the H series, \ 3645. On one of 
our plates (Ce 3039, May 20, 1943), taken especially for the extreme ultraviolet, meas- 
urable lines extend to \ 3168. (See Fig. 12.) Beyond Struve’s limit of \ 3289 we have 
measured 33 lines, at least two-thirds of them due to Fe 11. 

The increase in intensity of the metallic lines since 1938 is illustrated by measurements 
of the percentage of absorption at the bottoms of the lines \ 3933 Ca 11 and A 4233 Fe I 
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(Table 6, cols. [11] and [12]; Figs. 6d, e, and 13). The equivalent width of \ 4233 was 
about 0.8 A in 1938; 1.8 A in 1943. 

Although the lines are narrow, many are at times definitely unsymmetrical, the long- 
wave-length edge usually being the sharper. The asymmetry of \ 4233 Fe 11 (Table 6, 
col. [13]; Figs. 6f, g, and 14) exhibits somewhat the same general behavior as that of the 
Balmer lines, but the extremes are more pronounced. Lines of 7i 11, Fe1, and Mgi 
tend to be slightly hazy, as compared with those of Feu, Niu, and Catt. The line 
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Fic. 9.—Displacements of H lines, 1936-1941. Ascending series 


Mg 11 \ 4481 is wide and weak. Our results for 1943 are in substantial agreement with 
those of Struve!! and of Hiltner.!” 

Displacements of metallic lines —On most plates the velocities from lines of Cau, 
Feu, Ti u, and Cr 11 are in good agreement. The weak Mg triplet AX 3829, 3832, and 
3838 (Fig. 4) is regularly displaced about —10 km/sec. On a few plates, lines of 77 11 
and especially of Cr 1 have residuals of —6 or —8 km/sec. Lines with negative displace- 
ments are often slightly diffuse. 

A fact clearly shown by Tables 2 and 3 is that, when there is a progression in the 
velocities derived from successive lines of the Balmer series, the metallic-line velocities 
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(which show little or no dependence on wave length) agree with those of H lines near the 
head of the series. In Tables 3, 4, and 5 we have used the symbol M 11 to represent the 


mean displacements of lines of ionized metals. 


STATIONARY LINES 


The D lines of sodium are formed of two narrow components which are usually closely 
blended but on several plates are separated well enough for fairly reliable measurement. 
(See Fig. 15.) The stronger component is stationary, with a velocity displacement of 
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Fic. 10.—Displacements of H lines, 1941-1944. Descending series 
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Fic. 11.—Displacements of H lines plotted against wave length. Smoothed curves 


—14 km/sec; the other component yields a variable velocity agreeing with that from 
other metallic lines. 

The K line of ionized calcium has the same structure and behavior except that the 
stationary component, instead of being stronger than the stellar component, is much 
weaker (Figs. 14 and 15). Measured on five spectrograms, the weak component yields a 
velocity of —15 km/sec. 

Several facts suggest that the stationary lines may be at least partly circumstellar 
rather than wholly interstellar. The radial velocity from the fixed components is about 
the same as that of the star before 1935, when the abnormal displacements were first 
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measure.'. The velocity, however, is not sufficient to distinguish between the two types 
of stationary lines. In the direction of the star the correction for solar motion is +12 
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Fic. 14.—Two components of the K line of Ca 1 in 1938 (above), in 1939 (center), and in 1942 (below). 
The stationary component is aligned. The line 4 4233 Fe 11 with high dispersion; Ce 3070, June 16, 1943. 
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Fic. 15.—Components of Ca m and of Na1 in 1942. Stationary components are aligned 


km/sec. Thus the residual velocity is about —3 km/sec, a value not at all impossible for 
interstellar lines in this longitude. The mean equivalent width of stationary D1 and D2 
is 0.34 A, a larger value than would be expected from the star’s probable distance and 
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high galactic latitude, +27°. The K line is much weaker, its equivalent width being 
about 0.11 A; hence the probability that it is wholly interstellar is somewhat greater. 


DISCUSSION 


Cause of the displacements.—The unusual behavior of the displacements of the Balmer 
lines and the shape of the velocity-curve in Figure 1 show that we are not dealing with 
an ordinary spectroscopic binary. From 1922 to 1931, preceding the well-marked mini- 
mum, the curve was nearly flat. Hence the changes in velocity, if periodic at all, must 
have had a strange, complex form. The data afford no evidence of a previous fluctuation 
like that which occurred between 1935 and 1944, but they do not exclude one with a 
minimum about 1913 and a maximum about 1918. In any event, it seems probable that 
the origin of the recent fluctuations was chiefly atmospheric, although the approach of a 
companion star may, of course, have had some important effect. 

Since the lines were at times unsymmetrical, it might be supposed that the measured 
displacements merely reflect the strengthening of wings on one edge or the other of the 
lines. Examination of the data, however, does not support this view but seems rather to 
indicate that the lines suffered bodily displacements. In the first place, the lines are at 
all times fairly narrow. Hence, no very large displacements in the measured “centers of 
gravity” could be caused by variable wings. Moreover, the largest displacements oc- 
curred when the lines were nearly symmetrical. According to Figure 6f, g, 4, the lines 
were most unsymmetrical at intermediate velocities. A significant fact is that when the 
velocity was about 0 km/sec in 1940 the lines were winged toward the red, whereas at 
the same velocity in 1943 they were winged toward the violet. 

Origin of hydrogen lines.—The displacements of the dark Balmer lines (Figs. 9, 10, 
and 11) suggest that two blended series are involved—one with a slow decrement (S.D.) 
and large changes in velocity, the other with a rapid decrement (R.D.) and relatively 
small changes in velocity. 

The S.D. series prevails near the head of the series; the other becomes increasingly 
important from line to line toward Ha. According to the formula used by F. L. Mohler,'® 


log NV, = 23.06 —7.5 log n,, , 


where NV, is the number of electrons per cubic centimeter and mv» is the quantum 
number of the last observable line in the H series. For the S.D. series in 1943, log N. = 
11.0. If the temperature is assumed to be 10,000°, log P, = —6.9, where P, is the elec- 
tron pressure in atmospheres. The S.D. series and the associated metallic lines, pro- 
duced at a high atmospheric level, form the so-called ‘“‘shell” spectrum.'* The R.D. 
series is produced at a lower level, where the pressure is greater. 

The probable place of origin of the H emission presents an interesting problem. It has 
usually been assumed that bright lines in stellar spectra originate in an atmosphere ex- 
tending far above the normal reversing layer. In many bright-line objects this assump- 
tion is clearly correct. In Me stars, however, the reversing layer probably overlies the 
source of the bright lines. In 48 Librae, similarly, the emission may come from an in- 
tensely bright stratum of hydrogen just above the photosphere. Facts which seem to 
support this hypothesis are: 

1. Great width of emission lines (probably caused by Stark effect). 

2. Rapid decrement of emission lines from Ha to Hy. 


3. Relatively small displacements of Ha and H6 emission. 
4. Nearly complete absorption in the dark core of Ha. 


13 Ap. J., 90, 429, 1939. 14Q, Struve, Proc. Amer. Phil. Soc., 81, 211, 1939. 
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On this hypothesis the following sequence would apply to the increasing range of dis- 
placements as well as to height in the atmosphere: 


1. Photosphere. 

2. H emission. 

3. H absorption R.D. series. 

4. H absorption S.D. series. Metallic absorption. 


As a working hypothesis alternative to that of an extended emitting envelope, we sug- 
gest that in some Be and Ae stars, particularly in those with shell spectra, a special sup- 
ply of H atoms or protons is released just above the photosphere. This cloud of hydrogen 
pushes part of the reversing layer upward to a level where it is cooler and less dense 
than normal and thus may produce a shell spectrum. The hydrogen may be produced 
by the disintegration of an unstable atomic nucleus of an unfamiliar type coming from 
the stellar interior. If the supply is cut off, the bright lines disappear, as they did in 
u Centauri and Pleione, to reappear upon re-establishment of the special mechanism of 


hydrogen release. 
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ABSTRACT 


On two pairs of plates, taken at the 80-foot focus of the 60-inch reflector, with intervals of 29 and 17 
years, 800 stars in the central part of # Persei were measured for proper motion. The probable error of the 
motions is 0700067 in each co-ordinate. Over a hundred stars were found not to belong to the cluster, in- 
cluding practically all the field stars brighter than magnitude 15; for the fainter stars it is more difficult to 
decide about possible membership in the cluster. 


“On revient toujours 4 ses premiéres amours.” In this paper are presented the results 
of a study of the proper motion of the cluster in Perseus, which was the subject of the in- 
vestigation! with which I started my astronomical career. In 1908, J. C. Kapteyn sug- 
gested to me the measurement of some plates of the clusters # and x Persei which had 
been taken at Helsingfors and Pulkovo with instruments of the Carte du ciel type. It was 
hoped that the proper motions might enable us to find which stars belonged to the clus- 
ters and which were foreground stars; we would then be able to determine the proper mo- 
tion of the clusters as well as the distribution of the motions of the noncluster stars; 
finally, ve might be able to derive the parallax of the clusters. Kapteyn and de Sitter? 
had measured the parallaxes of 178 stars in this region of the sky and had made the 
statement: 

In conclusion, attention may be drawn to the fact that the foregoing discussion affords the 
material from which the parallaxes of the clusters # and x Persei relative to the surrounding 
stars may be derived with extreme accuracy, as soon as we will be able (by a discussion of the 
proper motions) to decide with certainty, for each of the stars on the plates, whether it belongs 
to either of these clusters or not. 


This optimistic view is hardly realized by the present results. Of the 34 stars common 
to the two investigations, 7 are definitely or probably not members of the cluster. The 
27 cluster stars have a mean parallax of +070033 + 070068. If we exclude 5 stars whose 
parallaxes are marked as uncertain in Groningen 10, we find a mean parallax of 
—0"0027 + 070062. 

The probable errors of these values are so large as to make the mean parallaxes quite 
illusory. The probable error of a final proper yu. or mus derived in Utrecht V was 
070057; since the motion of the cluster with respect to the other stars is only a few thou- 
sandths of a second of arc, the results were not accurate enough to indicate definitely 
which stars belonged to the cluster and which did not. As recent results from plates taken 
at the 80-foot focus of the 60-inch reflector had, however, given results of a very high ac- 
curacy,’ and as two pairs of plates of # Persei with intervals of 29 and 17 years, respective- 
ly, were available, it seemed worth trying again to separate the cluster from the nonclus- 
ter stars. Since the quality of the pair of plates with 17 years’ interval was extremely 


* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washington, No. 691. 
1 Recherches astronomiques de l’Observatoire d’Utrecht V 1911. 
2 Pub. Astr. Lab. Groningen, No. 10, 1902. 
3 Mt. Wilson Contr., No. 670; Ap. J., 96, 382, 1942. 
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good, equal weights were assigned the two pairs. Within a circle of 10 minutes of arc 
around BD+56°522, 800 stars were measured. For all but 12 stars, good photographic 
magnitudes by P. Th. Oosterhoff were available.* For 320 of these, Oosterhoff’s paper 
gives color indices. 

As usual, each of the pairs of plates was measured in four positions—east, west, north, 
and south—in the direction of increasing reading of the micrometer screw, about four 
days being required to measure each pair of plates in one position. Each star was meas- 
ured three times in the sequence 1-800 and then twice in the reverse order, 800-1; in this 
way I hoped to check any changes in the relative position of the plates during the inter- 
val of measuring. It is gratifying to state that no definite change was found during all the 
measures. Five extra measures were made on a few stars for which the reverse measures 
differed unduly from the direct measures; for the eight sets of measures the number of 
stars ranged from 17 to 38, or, in the mean, 3.4 per cent; of these, about one-half the extra 
measures were on stars brighter than the tenth magnitude or fainter than 15.5 mag., both 
of which groups are liable to give some difficulty in measuring. 

The measured quantities were then combined into four sets: a I, a II, 6 I, and 6 II, 
I and II defining the two pairs of plates. The range in these figures showed that a simple 
reduction of the form a + bx or a’ + cy might reduce the values enough to distinguish 
the stars which were certainly not members of the cluster. Values of a and a’ were de- 
rived from stars in the central region about 3’ square, while 6 and c were determined from 
the stars in the strips about 3’ wide which were farthest east and west or north and 
south. Excluded were all stars brighter than 12.5 or fainter than 15.5 mag.; double stars; 
stars marked uncertain during the measures; and stars judged not to be members of the 
cluster because of a definite motion or on account of their color index. The values of a, 
a’, b, and c, thus derived, were applied to all 800 stars and were then multiplied by 0.820 
and 1.390 for I and II, respectively, in order to reduce the measured quantities to units 
of 00001 per year. 

The 409 stars between the limits 12.50 and 15.49 mag. which, from these preliminary 
reductions, might be members of the cluster were now divided according to their position 
on the plates into 45 squares of about 3 minutes of arc; and for each square the mean 
Mal, Mall, Met, ANd psy Were derived. This showed that a reduction including quadiatic 
terms would definitely improve the results. A preliminary reduction with quadratic 
terms showed that 49 of the 409 stars probably had motions excluding them from mem- 
bership in the cluster; finally, in order to give a fairly even distribution of the stars over 
the field, 60 more stars were excluded for which the agreement between the two pairs of 
plates was less satisfactory. This left 300 stars, probable members of the cluster, which 
could be used for the final determination of the constants in the equations of condition: 


w=m—(atbest+cytdx?+cuxyt fy’), 


for the four sets of measures in a and 6 for both pairs of plates. The constants thus de- 
rived were substituted in the equations of condition for all 800 stars, giving mal, Mall; 
Met, and ys in units of 070001 per year. It is gratifying to state that only 5 of the 300 
stars used for the derivation of the constants finally turned out to have motions indicat- 
ing that they might not be members of the group; in a total of 300 stars their inclusion 
cannot have vitiated the final motions by more than one or two times 0700001. 

A magnitude error was evident from the beginning of the measuring. However, as by 
far the majority of the stars, especially of the brighter ones, must be members of the 
cluster, it is possible to find this error with considerable accuracy and to correct the re- 
sults for it. For this purpose the mean proper motions were plotted for each magnitude, 
the few stars brighter than magnitude 10 being plotted on one diagram. By making a set 


4 Ann. Sterrewacht te Leiden, 17, 1, 1937. 
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of concentric circles with radii representing motions of 3-, 4-, and 5-thousandths of a 
second of arc to fit over each plot, it could be decided which stars probably did not be- 
long to the cluster; when these were omitted, together with the stars marked as uncertain 
during the measures and those with abnormal color indices, the mean motions were found 
for the different magnitudes (Table 1) and were plotted against the magnitudes. A 
smooth curve was drawn through these points, and from this curve the corrections in the 


- last two columns of Table 1 were applied. In the seventh and eighth columns of Table 2 


the corrected 4, and js are'the final values of the mean motions. The first two columns 
of Table 2 give the current number and the number in Oosterhoff’s catalogue, with an as- 
terisk in the first column indicating the stars used to derive the plate constants; the third 
and fourth columns give the right ascension and declination taken from Oosterhoff; and 
the fifth and sixth columns give Oosterhoff’s photographic magnitude and color index, 
when available. If not provided by Oosterhoff, the magnitude was estimated from neigh- 
boring stars and is given to one decimal only. The positions of these stars were measured 


TABLE 1 
MEAN MOTION FOR DIFFERENT MAGNITUDES AND CORRECTION APPLIED 











Mean Mag. Mean ua Mean yg n Corr. ua Corr. ug 
fe er —0*0056 —0"0037 17 +0°0056 +070050 
ee — .0048 — .0043 26 + .0047 + .0039 
Le Sener — .0035 — .0034 37 + .0033 + .0033 
ib See — .0019 — .0023 57 + .0019 + .0020 
re — .0009 — .0006 99 + .0006 + .0007 
7 ree + .0003 + .0003 170 — .0002 — .0002 
SO Ris ss tenes + .0004 + .0004 253 — .0006 — .0004 
2 ne +0.0010 +0.0005 39 —0.0008 —0.0005 




















in tenths of a millimeter on one of the plates with respect to the nearest star and have 
been assigned the same Oosterhoff number as the principal star with adjunct “b” or “‘c.” 
The last column, headed “Remarks,” gives the number of the star in van Maanen’s dis- 
sertation, Utrecht V; “var.” indicates the two stars which Oosterhoff suspects to be vari- 
able, and “NC” or “NC?” respectively, the stars which are definitely or probably not 
members of the cluster. 

From a comparison of the values 4. and ys for the two pairs of plates, we can find for 
different magnitudes the probable errors contained in Table 3. After applying a magni- 
tude correction, the values in the second and third columns are reduced to those in the 
fifth and sixth columns, which are the final probable errors of the mean motions in a and 
5. These results are very consistently small—in the mean 0700065 for uz. and 0700069 for 
ys; the only values larger than 070010 are for the 45 stars of sixteenth magnitude. 


DISCUSSION OF THE RESULTS 


Comparison with “Utrecht” V.—Of the 200 stars common to Utrecht V and the 
present investigation, 16 are now included among the certainly noncluster stars and 10 are 
probably noncluster stars. With the accuracy reached in Utrecht V only 2 stars would 
have been recognized as noncluster stars and 5 as probably noncluster stars, while of the 
12 stars, which in Utrecht V show a motion exceeding 07020 and therefore might have been 
taken for field stars, only 6 have motions which show them not to be members of the clus- 
ter—4 definitely and 2 probably. In Figure 1 the dispersion of the motions of these 200 
stars is shown; in the lower part, which represents the new motions, 154 stars fall within 
the central circle with a radius of 07003. The other circle represents a radius of 07005. The 
diagram shows the enormous increase in accuracy between the two sets of measures. 
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TABLE 2 
PROPER MOTIONS OF STARS MEASURED 
(Unit = 020001) 









































| Ooster- a 1960 8 1900 Phot. Color = 7 
No. | hoff No. oh +56° Mag. Index Ma Ms Remarks 
1 360 10" 5282 39 37" 13.20 -0,03 t?) - 15 1076 
2 360b 52.3 39 39 14.8 nee te +13 - 1 
3 363 52.5 40 49 15.84 eaeee - 25 -14 
4 376 55.2 37 19 12.54 - 13 + 22 + 1 1081 
5s 379 56.2 38 23 14.74 sae - 2 + 3 
6 380 56.4 39 51 11.24 - 23 +15 - 29 1075 
7 | 381 56.6 39 39 15.87 wei - 23 - 34 
8 382 56.8 38 33 14,84 aimee + 21 - 4 
ge 391 58.6 a: 2 15,27 cians - 20 - 10 
10 393 58.8 39° «7 15.22 enane - 1 - 5 
11 395 59.2 44 44 14.40 ava + 26 + 7 
12 396 59.4 44 34 15,29 ecvee - 3 - 10 
13 407 1l 0.9 44 29 15.77 as - 56 - 26 NC? 
l4s 408 0.9 36 «(9 13.78 + ,09 - 23 + 9 
15« | 410 1.3 36 44 14.70 eeeee e 12 @ 11 
16° 413 1.8 41 53 15,33 een - 24 - 22 NCt 
17 414 1.9 39 (44 15.10 ceeee +13 » ¥ 
18 416 2.0 37 «59 15,92 Seine +14 + 8 
19¢ 418 2.2 37 29 13.98 + ,22 - 9 -11 
20 422 2.8 43 50 15.29 canee + 4 + 2 
21 423 2.9 38 40 15.38 oecce - 20 fr) 
22 424 2.9 44 29 15.74 + .70 +15 - 7 NC? 
23 428 3.1 45 0 15.96 senee +12 + 2 
249 429 3.3 42 26 14,49 seves - 8 + 2 
25 430 3.4 43 6 14,24 + ll +11 -ill 
26 431 3.4 36 «2 13.07 + .34 + 37 - 5 1084 NC? 
276 437 4.4 45 12 15,11 canes 3 - 9 
286 438 4.5 42 16 15,22 reese - 8 - 14 
29 439 4.7 34 43 16,07 Ras - 9 - 2 
30 440 4.8 44 28 13.36 + 72 + 25 +19 NC 
31¢ 441 4.8 43 6 15.24 aie - 10 + 4 
32 443 4.9 34 63 15.87 aaa + 3 - 81 NC 
33* 444 5.0 40 31 13.34 + 15 +14 0 1074 
34+ 450 6.6 38 44 15.50 caves - 7 +12 
35 454 oe 38 46 16,04 venue - 23 + 38 
| 
36 455 7.2 41 29 13,08 .00 + 10 - 9 1071 
37 457 7.4 44 12 16,00 anes - 33 - 38 NC? 
38 458 7.5 44 58 13.96 + ,03 + 7 + § 
39 460 7.8 41 53 15,79 egies - 28 - 8 
40* 461 7.9 35 55 15,50 Sacaas - 23 - 10 
41* 462 7.9 40 24 14.43 posure - 7 - 9 
42 464 8.3 37. 1 14,70 eavdn - 15 - 1 
43 | 466 8.4 38 39 15.72 oeews - 31 + 22 
44 | 467 8.8 38 30 14.70 wae - 7 + 1 
: a5 468 8.8 34. 53 14,84 ceces - 12 +18 
2 46 470 9.1 40 50 14,28 coie +377 -142 NC 
R 47 471 9,2 41 651 15.83 eeine - 13 - 30 
: 48* 472 9.3 40 7 13.40 - 04 - 7 - 3 
e 49 475 9.4 45 56 11.38 - .21 + 51 - 29 951 NC 
: 50° | 477 9.6 43 25 15,22 wens +12 - 22 
H 51° | 479 9.7 47 1 15,31 sunk - 4 - 7 
52 480 9.7 38 27 15.03 ee + § +13 
: 53¢ 489 10.7 41 24 14.53 aves - 2 + 10 
: 54 491 11.1 41 53 11.14 - .19 + 22 - 22 967 
: 55 492 11.3 45 34 15,94 ene +19 - 14 
; 56* 494 11.4 46 20 12,85 + 9 - 3 947 
, 57 495 11.4 46 32 13.10 + 5 - 24 945 
‘ 58 499 11.9 45 14 15,04 a: + 9 
59 500 11.9 42 13 15.38 - 1 -.12 
4 60 50i. 11.9 42 1 15.86 - 37 - 8 
q 6l¢ 502 12.0 39 42 15.25 wletdete - 8 - 21 
3 62 503 12,1 44 28 16,00 RES 5 + 44 
: 63 504 12,2 44 38 14,94 ees te) - 3 
é 64 505 12.2 44 55 12,43 - .ll +18 - 19 954 
; 65+ 509 12.7 35 28 13.11 + 38 + 8 +11 987 
4 
J 66° 510 13.3 40 53 13.58 + .08 - 8 - 8 
g 67 511 13.7 36 56 15,99 osees - 7 +14 
§ 68 512 13,7 34.02 15,47 eS + 10 - 26 
69 §13 13,8 45 53 13.95 + 17 - 15 + § 
70 514 13.8 41 24 15,92 esene - 21 - 12 
71 615 13, 46 43 22,33 - ,02 +19 -12 943 
72 516 13.9 44 43 16,16 see + 4 - 19 
73 517 13.9 42 28 10,18 - ,22 + 22 - 40 964 NC? 
74+ 518 14.0 44 4 15,17 ieese - 8 - 3 
75 519 14.2 37 56 15,06 senses + 3 - 16 
76 520 14.5 46 10 14.63 eae +150 - 47 NC 
77 522 14.7 37 10 15.99 nema - 20 + 6 
78 523 14.8 41 59 14.80 rena’ + 6 + 5 
79 527 15.3 36 2 13.16 o” + 1 + 6 986 
80s 528 15.4 45 34 14.73 ven - 10 - 4 
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Color 






































Ooster- a 1900 
wre hoff No. ah +56° Mag. Index Ma a) Remarks 
81 529 11™ 1584 37" 58" 15.52 wees - 9 + 2 
62 530 15.7 44 45 10,28 - .29 + 25 - 39 960 WNC? 
83 532 16.3 36 «8 13,64 + .30 -12 + 8 985 
840 536 16.6 36 10 Sun | sweet - 4 - 2 
85 538 16.9 41 26 11.40 | = .19 + 6 - 13 970 
| 
86 539 17.0 40 42 56:06 | doaws - 28 - 22 NC? 
878 541 17.3 38 46 13.49 | + .15 + 5 - 7 981 
88 543 17.3 41 48 15.48 ae: - 97 + 40 Nc 
89 545 17.4 36 30 «6©| ~ «15.88 ra BR - 15 + 22 
90 546 17.4 44 44 | SG | tases + 25 + 8 
| 
91 547 17.4 45 13 | 12.42 | - .04 +12 + 4 953 
92 549 17.8 46 15 | 12,88 - ,10 oo = 11 948 
93 551 18,0 46 26 | 10,67 - 23 + 35 - 40 946 ©NCP 
940 554 18.1 43 34 | 13.98 - .02 - 1 + 3 
95° 555 18.1 45 23 | 14,27 Stas + 7 - 4 
968 556 18.4 37 28 | 14.26 425 - 7 - 4 
976 558 18.4 43 11 | 15,15 janes - 6 +17 
98 563 18.6 40 59 12,24 - .16 +18 - 22 974 
99 569 19.1 39 (18 15.77 axe - 7 - 6 
100¢ 571 19.3 42 2 14,92 naake - 8 - 6 
| 
101 572 19.3 35 17 10.63 - .29 6% | 20 989 
102 573 19.4 37 26 15.28 ebsea + 6 | =10 
1036 574 19.4 341 «| 16,22 xhats #135 | + 4 
104 575 19.6 46 46 | 16,09 exude -25 | -30 
105 576 19.6 36 11 15,93 canke -37 | - 7 
106 579 19.7 38 27 | 15,82 pana +7 | * 8 
107 580 19.8 42 39 | 15,87 Se -17 - 2 
108 581 19.9 33 12 | 15,44 donde ae 
109 583 19.9 | 43 24 | 15,62 aban +15 | +25 
110 584 19.9 | 41 31 | 13.60 + .07 «eg i 43 
111 585 20.0 39 22 | 15.62 aeeer - 6 | +183 
1126 586 20,1 46 0 14,54 seawe - 7 | +4 
113 587 20.4 34 37 15,94 woe. 4. = ae - 29 NC? 
114 589 20,6 38 41 | 15.93 aacels ed ee 
115 592 20.9 39 53 16,18 coon | 2 7 | 086 
| 
116 594 21.2 43 10 19:06 | sso fb S88 | +16 
117° 596 21.4 35 25 12.93 - 0 | «30 | «35 988 
118 597 | 21.4 43 53 14,09 + .08 + 9 + 10 
119 598 21.7 39 «58 15.34 seaie + 2 - 4 
120 599 | 21.8 39 15 14.56 SS + + 8 | +22 
121 600 21.9 36 54 15.82 ‘sont - 3 | -18 
122 601 22.0 | 35 39 16,11 aden - 25 - 6 
123 602 | 22.0 | 41 14 14,31 amass +12 | +16 
124 605 22.0 | 45 28 | 16.75 “aves - 9 | -16 
125 604 22.3 | 36 34 | 10.46 41.15 | +46 | - 5& 990 NC 
126 605 22.5 | 46 2 14.41 ivees - 6 | -11 
127 608 22.4 | 42 5 15.64 pil Se +13 - 10 
1288 609 22.4 | 39 42 | 14,55 neawe + 10 +14 
129 611 22.6 | 32 42 12,09 + .26 - 71 + 88 993 NC 
130 612 22.6 | 32 50 | 8.67 - .34 0 + 74 992 
131 612c¢ 23.3 {| 32 45 15.6 nade +17 + 4 
132¢ 613 22.7 | 40 55 14,60 ieee tore + 4 
133° 615 22.8 | 42 12 15.27 scooee §) Ste +10 
134 616 | 23.1 | 40 45 15,92 ws | wee - 3 Nc? 
135 617 23.2 | 43 53 14,29 <igeet ee + 2 
1368 619 23.3 | 44 44 +| 13,20 Seeals +15 re) 957 
137 620 23.5 | 44 32 13.05 ~ ,O1 + 7 - 19 958 
138 621 23.6 | «6 8 | 18238 euawe -13 - 7 
139 622 25.7 | 42 17 | 10.68 - .27 +16 4 966 
140 623 23.7 | 39 25 12,54 - ,05 +15 - 1 978 
141 624 23.8 | 34 42 | 15,86 toe oF, oe - 46 NC? 
142° 625 23.8 | 40 59 | 14.50 acne L. “eae 0 
143 626 23.8 | 48 5 | 12,79 ay a -13 937 
144 627 23.9 | 47 13 | 15,89 ree - 7 - 25 
145 629 24.1 | 44 3 | 14.67 banda + 27 - 7 
146 630 24.1 | 43 51 #+'| 15,80 - 9 + 2 
147 631 24.2 |; 42 6&1 | 16,15 - 41 +13 
148 637 24.5 | 36 23 | 15.88 - 15 + 7 
149 638 24.6 | 42 36 | 15,70 +25: | + 53 
150 638b 24.7 | 42 38 | 15,7 - 37 - 4 
151 639 24.8 35 7 +| 14,93 abies + 5 -14 
152 641 25.0 | 46 29 | 15.42 aeae “4 - 13 
153 642 25.0 | 44 50 | 13,57 + ,03 - 9 +17 956 
154 644 6.3 | @& ow | 168 ci" +11 + 24 
155 646 25.4 | 40 18 | 14,94 Sixes +18 +10 
| 
| 
156 647 25.4 | 40 35 | 12,92 + .14 +12 - 8 977 
157 648 25.4 | 40 52 | 165,30 Sanna + 19 +13 
158 649 25.5 41 50 | 11,04 - .18 + 7 - 6 969 
159 650 25.5 42 17 oS eee + 2 + 8 
160 651 25.5 44 °=«20 i a ee +16 + 8 
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Ooster- a 1900 § 1900 Phot. Color = - 
nated hoff No. Bs +56° Mag. Index Ma ug Remarks 
161 652 11™ 2586 46" 43" 14.97 whee + 23 +18 NC? 
162 654 25.8 37 23 15.92 eaese - 18 - 6 
163¢ 655 25.9 36 23 13.86 - .l1 + 6 + 2 
164° 656 25.9 47 «38 13,92 - .15 - 2 - 9 
165 658 26,1 47 12 11,38 - .07 + 25 - 19 942 
166 659 26.2 40 57 13.04 + ,02 +1 re, 975 
1678 661 26.6 40 14,58 eeeet + 5 + 18 
168 662 26.6 44 42 8.47 -. + 51 - 21 959 
169 662b 26.6 44 48 14.3 enee - 2 + 4 
170 26.7 466«C'S 14,40 oocce - 2 + 9 
171 665 26.9 46 «27 14,10 deuae - 33 +18 we 
172 27,0 34 OO 14,78 uetea +» 3 - 3 
173 670 27.1 43 56 10.96 - ,26 +17 - 27 962 NCcT? 
174 675 27.6 42 21 13,22 + .19 - 6 -1l 965 
175* 676 27.6 39 (20 14,18 + .23 +15 + 16 
176 677 27.6 38 21 14.66 ee +12 es ff 
177 681 27.9 32.0 12,63 - ,03 - 2 - 8 995 
178 683 27.9 46 38 15,92 wanes - 69 - 2 NC? 
179 684 27.9 43 17 15.78 Peper - 25 r) 
180 685 27.9 4. #1 15.77 Seeew - 19 + 28 
181¢ 686 27.9 37 59 14.64 paee - 2 - 6 
182 687 28.0 33 (54 15,82 iinen --15 - 4 
183 688 28,0 43° 47 14.72 caean - 13 re | 
184 689 28.2 45 23 13.35 + .26 + 3 + 2 952 
185¢ 690 28.3 39 «59 14.42 caine - 4 + 3 
186 692 28.6 41 17 9.54 - .35 - 5 - 18 972 
187 693 28.7 39 «(84 13,64 + ,09 » 38 - 1 
188 695 28.7 44 16 12,28 - .12 +12 -14 961 
189¢ 696 28.8 47 «9 14.46 + .16 +12 - 14 
190 697 29.1 32 22 15,88 obaae - 79 - 10 NC 
191 698 29.2 35 658 15.79 jouae - 2 + 38 
192 699 20.4 36 (3 15,92 eon - 50 + 8 NC? 
193 700 29.4 36 31 13.13 - 08 - 12 - 1 
194° 701 29.4 39 24 14.61 Bees e +1 + 8 
4 195 703 29.5 37 «87 15.59 ekees - 35 - 4 
i 196 704 29.6 47 29 16,29 + 21 -14 
‘ 197 706 30.6 47 4 14,99 +13 - 6 
3 198 707 30.6 a8 8 14,05 0 - 6 
5 199° 708 30.6 41 3 14,87 - 4 + 8 
4 709 30.9 33 (4 14,36 + 4 +12 
i 
i 201 m0 30.9 32 58 14,22 veeee + 49 - 28 Nc 
: 202¢ 713 31.1 41 35 13.93 + .24 + 7 + 9 
; 203 714 31.1 47 14 11,94 - .16 + 19 -ll 941 
; 204 715 31.2 42 58 14.58 teaes «=. e 6 
; 205 716 31.2 40 22 13.73 + .10 - 4 + 8 
4 
é 206 77 31.2 44 51 9.47 - .20 +15 - 20 955 
: 207 719 31.4 42 33 15.89 bine + 6 » 2 
: 208 720 31.7 39 12 13.80 200 -13 + 6 
209 721 31.9 47 32 13,63 + .37 - 34 - 22 939 NC? 
; 210 724 32.2 42 40 14.21 + .30 - 15 + 26 NCct 
; 211 725 32.3 45 52 11.64 - .20 +17 - 32 950 
E 212 725d 32.3 45 50 14.0 kaees - 9 +11 
A 213 728 32.4 ar 14,91 pes - 14 - 4 
214 730 32.5 47 41 12,92 + .35 + 56 - 26 938 =: NC 
i 215 731 32.5 46 «6 10,87 - .17 + 34 - 2 949 «= ss NCP? 
4 216* 734 32.9 33 21 13.82 + 05 ai + 1% 
t 217 735 33.0 46 50 16,07 ao - 18 +19 
; 218 736 33.1 36 56 15.52 ineee + 6 + 2 
219¢ 737 33.5 39 39 15.40 eines - 16 + 19 
220 740 33.8 45 1 14,11 nee +10 - 3 
221 740b 33.7 45 0 15,0 veneer -13 ry) 
222 741 34,0 32 15 15,17 eee +12 + 3 
223 742 34.0 49 «#15 16,10 énoes + 19 - 24 
224° 743 34.3 48 8 14.64 ews - 1 +13 
225 745 34.5 36 58 15.42 cceee - 5 - 17 
226 746 34.6 38 (57 12.63 + 8 - 7 980 
227° 7147 34.7 40 51 15.39 -12 + 6 
228 749 35.1 37 39 15,07 - 43 +17 NC 
2208 751 35.3 32 (54 15,12 -1 + 31 NC? 
230 752 35.4 45 34 14.88 +15 + 6 
231 754 35.4 32. «(OO 14,10 paeae +164 + 23 nc 
232 755 35.5 44 49 13,66 + .17 + 6 + 6 
233 756 35.9 40 25 15,95 ss +13 + 6 
234 757 36.3 34 23 15,70 Seees + 6 + 4 
235 758 36.6 47 16 15,00 Loney + 7 - 8 
236 759 36.6 38 36 15.63 seve +131 -136 nc 
237 761 37.2 41 27 15.73 dae - 16 + 21 
238+ 762 37.3 31 32 14,62 Qa - 15 - 9 
~. 239 763 37.4 47 48 15,80 aE + 10 + 9 
240 764 37.6 37 §1 15,81 ote - 28 - 18 
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8 1900 


Phot. 


Color 











Ooster- a 

Ho. hoff No. 2B +56° Mag. Index Ma Mg Remarks 
241 765 11™ 37%6 45' 24" 14.27 patriks + 1 ° 
242 767 37.8 35 ll 15.67 Satlials + 3 +16 
243 769 37.9 34 13 10,96 -. - 16 + 27 991 
244 770 37.9 36 46 15.88 naend +14 - 52 NC? 
245¢ 72 38.0 37 #17 15,18 ccece + § - 8 
246 773 38.2 43 11 15.90 ideas +32 +18 
2470 774 38.3 47 18 14.04 -. + 1 - 12 
248 776 38.5 33. «COS 15.98 «hase * J + 6 
249 7718 38.5 39 13 12,16 - .18 - 2 - 8 979 
250° 779 38.6 43 18 14,98 ee +11 +1 
251° | 781 39.2 37 44 15.49 Per -ll + 8 
252 762 39.2 38 17 9.60 - .25 - 6 + 7 982 
253 783 | 39.2 48 17 14,93 a ea + 46 - 8 NC 
2540 784 39.7 43 19 13,52 ‘ - 5 - 1 
255 | 785 39.7 39 23 14.57 snes - 10 + 6 
256 CO "87 39.9 36 19 15.71 Davies + 35: - 103 
2578 188 40.1 38 28 15.05 alae’ - 6 - 11 
258 789 | 40.4 49 4 11,82 - ,04 +17 - 20 935 
259° | 790 40.4 40 45 13.20 + ,02 + 7 - 3 976 
260 | 792 40.5 45 58 13.71 + .57 + 63 - 85 NC 
261* 793 40.5 41 26 14,09 - .02 +10 + 8 
262 795 | 40.7 49 45 15,14 ches + 22 +14 
263 797 | 40.8 41 50 15,66 weed - 33 +13 
2648 798 41.1 34 32 15,06 aa - 3 - 15 
265° 799 41.1 47° 37 14,12 .02 - «4 + 9 
266 800 41.1 42 40 12.30 - ,06 +13 + 7 963 
267 801 41.3 38 15 12,86 - 07 vim - 4 983 
268 802 41.3 44 25 14,15 + ,04 +14 #3 
269 803 41.8 36 35 10.63 - 31 +17 + 22 984 
270 804 41.8 41 38 13.43 + .04 - 26 + 8 
271 805 41.9 40 35 14.99 iat + 23 + 25 wc? 
272 806 41.9 48 29 16,01 ek +12 ao% 
273 807 42.2 39 «0°77 13.86 es - 8 + 2 wc? 
274 808 42.2 39 24 15.84 eda + 26 + 8 
275 809 42.3 39 «87 15.83 ed - 3 + 1 
2768 810 | 42.4 49 40 14,45 00 2 - 3 
2778 sig 42.7 38 42 13.90 #117 o | +20 
2760 813 42.7 4447 14.54 emake + 4 - 4 
2798 815 42.9 46 44 14,64 iauaa + 5 - 18 
260 | 616 | 45.4 47 16 16,03 pans + 29 +12 

| 
261¢ | 820 43.8 39 «35 13.17 - .03 +12 +19 
262—CO 821 43.9 39 83 15,70 paehey - 1 + 2 
263—Cid| 823 | 44.1 35 41 16,17 a 0 + 15 
2e4—CiC 825 44.6 37 24 15,24 inna +10 +10 
265 Cid 827 44,7 36 14 15,93 euaa + §& + 2 
266 | 829 44.8 46 42 11.45 + .39 +1135 -392 944 = WC 
287° 830 | 44.8 44 18 13.60 + 07 - 10 + 4 
268° | 32 45.0 38 34 14.30 - 04 + 22 + 14 
269 833 45.2 44 32 15,72 sees - 7 + 28 
220 | 834 | 45.5 32 16 10,94 - .19 - 31 + 38 994 «= NC? 
201 | 836 45.6 38 25 15.86 aed +11 + 24 
2920 =| 837 45.7 41 41 14,22 + .18 - 7 - 3 
205 838 45.7 47 9 12,64 - ,07 + 20 - 18 762 
204 839 46.0 49 «24 9,58 - .23 + 29 - 42 78 wNcr? 
2950 840 46.3 31 49 15.35 exes - 12 - 10 
2068 841 46.3 35 42 13.32 + 15 +13 - 5 
297 842 46.4 38. («8 13.20 + 07 - 4 - 6 869 
2968 843 46.4 40 21 9.52 - ,22 - 6 - 6 829 
299 844 46.5 42 12 15.56 aed + 7 + 8 
300 845 46.5 42 15 14.79 ae - 9 +1 
301 846 46.6 46 39 10,13 - .23 r) - 26 783 
302 847 46.7 36 16 9.35 - .23 - 12 + 22 870 
303 848 46.7 41 46 15.23 naas - 14 +17 
304s 850 47,0 44 25 14.33 + .42 +16 + 15 
305i 851 47.3 45 9 11.47 + 44 +126 + 96 HC 
306 852 47.4 48 45 14.99 Pikes -12 + 8 
307 853 47.6 35 40 16.03 diwas a4 - 4 
308¢ 854 47.7 38 «63 14.33 + ,08 - 4 «3 
3090 855 47,8 36 41 15.16 «sae + 6 - 6 
310 856 47.9 40 32 15.64 éuanee +19 + 30 
3lle 857 47.9 40 26 14.94 inetd - 10 +2 
312 858 48.1 44 42 15.50 enone +30 + 26 
213 859 48.1 39 36 10.86 - .15 + 3 +12 846 | 
314 860 48.1 33 43 11,61 + .31° + 61 - 32 875 
315 864 48.3 38 C«*S7 10.05 - ,29 - 12 + 29 860 
316 865 48.5 37 41 14.20 + .87 -113 - 47 Nc 
317 867 48.5 37 48 11.00 + 34 -106 62 6s KC 
318 868 48.5 44 17 15.71 ‘ones -13 ° 
319 869 48.5 39 «OS 12,08 + .03 +13 + 22 850 
320 871 48.6 43 26 15.51 nena +17 + 4 
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TABLE 2 -- Continued 
| ] 
: | Ooster- / «€ 1900 8 | | 
No. 1900 | Phot. Color — | = 
| hoff Ho. 2 +56° Mag. Index | Ma | MG Remarks 
7 T 
21 | | nm s T 7 
Sele | gre | 11" 4886 43' 19" | 13,05 me | «@ 1-33 792 
22 | 8% 48. $1 56 | 14.33 cee wae + 8 
324 876 10:8 39 i | me | fe + SG i 
af | 12,75 -"Jo1 + 
325 | a7 49.1 4437 a eres 1s * a se - 
326 | | | | 
26 | 879 49.1 40 56 11.67 | -.23 | - 9 + 5 | 816 
$27 880 49.1 40 49 12,69 | - .04 «= ok a 
328 ee | 49.2 32 42 16.94 | see. | +39 ae 
sape oes 49.2 43 57 14,74 | teeee - 6 + 2 1 
| 49.2 34 32 18.40 | sees + 8 oa 
33 | 
ssl 886 | 49.5 42 45 15,93 Pee 33 -6 | 
332° 87 49.3 | 48 23 14.06 x + 23 -——e 4 
33 ee | 49.6 | 55 37 14.83 ee + 10 oy | 
S34 es2 | <7 ~«|| «40 46 11.24 - .23 - ll -11 | #889 
| 49.7 40 49 11.79 | - .26 + 24 +16 818 
_ | | 
S36. eo 49.7 35 8 15.78 Saha +103 - 76 
37 ev 49.7 35 32 14,90 prog +15 - 18 7” 
350° 897 50.1 45 10 13°60 i3 we +9 | 8 
° | ° ‘ 
4 698 | 50.4 | 42 5 14.64 pa oa a ra a il 
341 
v4 900 | 50.6 | 45 27 12.56 + .07 , - 4 786 
343¢ 904 | 61:0 | 48 86 13-62 + 310 re cs 
543 904 81.0 | 28 12.62 + 10 +15 se 785 
S44 907 2 | 40 46 12.37 - .06 ° 6 - 2 
3 | $1.2 | 45 11 15.84 Be sic = Ak Ib _ 
346 | 
546 | 908 S15 | 41 55 15.32 siniad + 3 ay | 
347 910 51.5 | $2 ui 15.99 Zao - 23 +20 | 
$48 911 8166 | 11.43 - .23 + 7 + 8 851 
349 914 | 81.7 | 42 59 15.27 PASE ca ‘en 
1.7 | 34 48 15.88 poe «§ - 12 
351 916 51.9 | 
$81 916 81.9 | 49 50 15.75 - 56 + 32 NC 
353 918 secs | 45 16 16:08 a ne 
354 919 52.4 | 44 31 | 3 = 20 a 
" 31 11.34 
355 922 52.4 40 39 | 9.73 “a 233 ge 
356 923 52.4 39 | 
4 6 13.10 ss “ 
S570 924 52.6 40 29 | 14.93 ee = : : 4 = 
359 929 cay | rH rH | wr Be ag - 3 po 
360 | ¥ - .25 = am 
930 52.9 4. 55 | 12.46 - 108 + 12 a 502 
361 931 53.1 
ae = o. as 4 15.50 eee -11 | +47 NC? 
3620 952 65.3 8 | 12,89 - ll “et ae 872 
365 93 | 85.5 42 11 | 14.78 Tacs 16 |  +ae 
364 | 938 85.9 - 2 | Bee | tases +2 | -10 
| | ; 41 21 | 10.62 | - .26 — | =< ih 808 
sce | 54.2 | | 
S66 938 54.2 34 4s | 26086 | conse “1B | +26 
$67 959 | 54.2 ‘ | 1250 - .14 i ES Se 827 
369° 941 54.3 a1 so | (1ss30 ponidy 1 32 
3700 . © | . coves - 
| 942 54.4 S648 | 15.26 | oes. + is | , % 
371 | 943 54.5 | 
. S382 | ahs | | 
ove > ° + .21 
Cn 84.5 45°35 | 14:11 | eee 50 | —_—io = 
-— i = | $6.7 SOS | BEOE | swons cae T ace ” 
374 | 946 | 84.8 41 40 EE Biron ee eer ae 
| | ‘9 | 37 59 2 Gl eee +29 | -23 | 
376 948 | 
376 | 948 | $5.0 | 41 s2 | 15.65 ro ee ee ae 
378 | 950 | oe | <3 3 | -**i9 72 | +20 | 
= poo 3.3 | 11.42 | = .19 +13 | -10 7 
3808 953 | 55.3 a oe — |< <M] +8 | ‘i 
| | ‘ 44 54 ot ae om | ome = 
381 9 | | 
sel. 965 | $5.5 | 41 44 ie 1 atc. Soule + 16 
383° 957 + el oa | oo | su] te | cs 
3849 959 | 56.0 | 3 5 |, eee ny ah Be 
* 39 58 12:84 ; 
3e5* , rie 7 
| 960 | 56.2 39 46 13.77 “es iby Te ls 
386« ; | 
=e = 4 | 34 37 14.86 i |. i re a 
$87 965 | 86.5 | 40 34 11.088 | -.2 | ~-16 a an 
389 965 see | a8 3 1377 | as | ; = 2 pen 
390« 9 4 ein aS | 
66 56.5 | 39 4 ae tau | Oe ; ; 2 = 
3918 967 | 
392 968 sere || «(so ek ae | ee) tae tk 
393 969 . . eeeee | @ 32 ° 
395 969 86.7 38 15 14.17 +1,00 - 16 Pe 
304 970 66.7 40 58 13.95 re - 4 - 8 - 
: 39 (14 15,91 dues +11 - 41 
396 972 5 
596 ora 56.8 s7 1 11.73 - .18 - 8 +11 867 
308 974 56.9 ‘4 37 ieee poate per -3 
976 57 1 41 6 . eevee e 32 e 2 
‘ 11.52 bd 
400 977 57.1 40 29 11.19 i : . 3 4 
e e - 6 - 828 
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Color 






































No. Ooster- 
hoff No. °° 
: 1 § 1900 
fr Phot 
401 | 978 ba as 
io. 976 11™ 5782 ‘ = 
404¢ 980 57.35 os : : 
405* 981 57.3 37 55 io as : 
is ers 37 58 14.48 Peso - 
406 57.7 36 57 se - «is a 
407 | 984 39 43 13,02 an 3 ns 
408 | 985 57.9 sit 7 % . 
409" | 986 58,2 Tg a a , 7 
410° 987 50:3 “ ee ; ' 

E a: ae 15.84 ehatate 
411 58.6 42 15 2 + 08 a 
412 989 38 25 Ste wees =f : 

413 990 58.6 12.82 + 02 33 ii _ 
414 $91 58,6 43 12 Het 7 ; 
415* 992 | sec8 40 $e ne : : : 

993 58.6 a 0 11:48 a: : 
416+ | 58.7 | @ 6 11.48 | -" 106 72 14 
417 994 ; =. 13:88 a 
416° 995 58.8 | 13.55 ne .s oi 
419* 996 58.9 | 45 26 prc - : : 
420° 999 id a. | oe 18.72 eis : 

1000S sCdY| as iad 1678 | sees | : 

421 59.0 | 38 25 16.28 | sees £134 
422 1001 | 39 22 | 13.36 | + .05 oe) 
423 1004 59.1 | | 13.28 + as a ae 
424 1005 59.2 | 36 42 2 eb 
425 1006 59.3 ; 41 197 10.66 mak Be ; . 

1007 Sos | $5 17 ioe? | = cas | : - 

426¢ 59.6 | 33 52 ae | « ee 7B): 

427 1008 40 41 | 15.86 | pea 7B | : " 

428 1009 | 59.7 | 15.53 ; ae A |G ‘ _ 

429 1012—sCS| 59.7 3248 pe : 

430 1014 59.9 | 32 48 14,03 et ; 

1014 | 18 0.0 | 34 37 3 ll ipo sy ; 
431° | 0.0 | 38 22 12,42 | + loa 3): 

: | 3a 12.43 + 02 eS ae. 3 
433 1017 O21 | _— + 08 Els 
z i. | =e | + .09 one ) oe Q a73 
435 1020 O2 | a is He 4/3 : ; 

1021 | 0.2 41 49 18.68 soe 2 7 
436° 0.2 | 40 36 ny sae ss 
437 1022 | | 38 35 13.75 a - 

438 1023 0.3 | | 1s.07 | i} 7 
439 1025 } 0.3 45 17 | } + 02 | * 4 B 8 
440 1026 | = | = 2 | iatee or : 

1027 06 | ie i | sttss | | if 
441° a a | asee | se + Be ms 
on | | 38 18.72 | tee , 99 a - 

. | 6.1 } eeneeve 3 
444 1030 0:9 38 38 f | reais dee : ' 
445 1031 0.9 35 55 — sa | z 
1034 0.9 «(| 41 37 =| we cease | : 
446¢ 1a =| 39 37 | 16,05 sant 7% |: 
447 1035 | 41 54 | 15.29 aoe Sar 
448 loses 1.2 | | 15,32 aaa 234 ‘ 
449° 1038 | a 31 0 | mend op a E 
450¢ 1039 i's | 3455 te eels . 
| 1040 | 1.6 41 15 | oe seats | : 
451 | 1.7 36 37~—sC 15-87 | sees. za 
452 1041 | 44 33 } 15.37 | seses ~ Ae 
453 | 1046 1.7 | | 14,83 + 158 eB: : 
454° 1047 2:2 | 40 38 || pe aa ; 
ase | 109 | oc. | oo | 16%08 | 24 
oS | 2.2 | 37 38 | 16,03 - 23 18 
456 | 2.3 7. | Se ag | D3 
457 | 1052 41 22 14,01 > sa +19 =< 824 
458 | 1053 2.5 | 16,02 | rat | fa 4 
: s 28 eal | =i i 9 865 
460° 1055 2.6 40 36 15.28 | sa: . 
| 1056 rie 5 31 7 : 
461 | 2.7 a 2 15:46 4 3 
462 | 1057 mae po i 3 
463 1057 -— | vas . ‘ 
465° | 1057 16 4 24 "s : 
465°—CiCd 1068 1.5 40 24 eg “a | . 
| 1059 33 “9 8 it ts : 
| 3.1 40 57 _ ceeee | 3 
41 5 13.71 muon 2H | » 
- - ee eeeee > : * " 
43 15.63 - i 
7 ts : 
23 48 43 13.85 eeeere - 
4.0 43 16 sea 40 4 
45 16 15.62 Wes a 
4.1 42 wee jap : 3 : 
‘a a eeeete ’ : 
4.2 36 43 13,27 a : : é ; 
‘3 $6 43 15.32 —— 
4.5 34 34 16,02 ciate 7 2 : 
42 13 16,09 Seed * 2 i a 
” 13:58 eeeee’ P n ; 31 
sores +11 32 " 
, + 32 
4.8 : 
+ 4 
‘9 
4.9 
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TABLE 2 -- Continued 
T ] = . 
| Ooster- | @1g00 | § 1900 Phot. Color | 
te | hoff No. oh | +56° Mag. | Index Ka Mg Remarks 
a t T | T 
481 | 1079 12m 489 )0=6| = 40" 1" | ae ee ee ee ee 
482 | 1080 so | «20 11,24 | - 22 | - 5 + 4 811 
483+ 1061 5.1 | 41 41 14,42 Myra +9 | = 4 
4840 10s2.—sid 5.2 | 32 16 14,98 | cael | a Le 
485¢ 1085 5.2 41 15 15.51 | +. | + 35 | + 2 
| | | 
ase | (1088 5.3 | 39 40 wee | secs | ee | oa 
487 1085 5.3 41 22 10,53 | 7° 482 | 2 | 48 809 
488 1086 8.4 | 32 382 15.66 | seen. | = 7 | + 52 NC 
489 | 1087 5.4 | 34 22 16,05 | .eoom | 2°18 | - 22 
490 | 1090 5.5 40 22 16,05 "| seeee | +435. | + 5 
| | 
491 | 1092 5.7 | 39 38 aut | cee | wae | ome 
4928 1092 5.8 34 13 ie | sca of Oe - 19 
493¢ 1093 6.8 | 40 §&1 13.59 0 | «8 + 6 
4949 1095 | 6.0 | 38 41 13.79 ——e | =a | -20 
495 1096 | 6.0 | 38 54 15,31 heals oO; -% | 
| | 
496¢ 1098 6.1 | 32 5&7 14,29 ere: |. +t a8 
497° 1099 6.2 42 38 13.37 + .25 | + 7 + 9 796 
496° 1100 6.3 37 48 14.54 a | <2 +12 
499 1101 6.6 {| 35 43 15,28 EAS pe - 4 - 10 
500 1102 6.7 35 20 15,70 esas - 32 ie 
501¢ 1105 6.9 41 0 14,07 + .15 - 6 ea -g 
5026 1106 6.9 | 41 36 14.24 + .06 + 3 + 6 | 
503 1107 7.0 | $6 32 13.87 - .05 + 7 +10 | 
504 1108 7.1 | 39 55 13.93 cateets - 1 + 6 | 835 
505 | 1109 7.1 | 39 48 11,10 - .29 + 4 +16 | 838 
506 1110 7.1 40 1 13.47 ieee - 9 -14 | 834 
507° 1113 7.2 48 21 14.55 sates + 8 - 4 
508* 1114 7.2 36 «C6 12.55 | - .o1 +10 + 6 871 
509 1116 7.5 40 24 9.55 - .18 + 9 - 4 831 
510 1117 7.5 41 34 15.76 sioees +19 +8 | 
511 1118 7.5 42 10 14,18 mares | +19 
512 1119s 7.5 47° 34 13.84 + .99 -40 | -18 NC 
513 1121 | 7.7 40 14 13.62 + .24 -17 + 8 832 
514 1122) | 7.8 38 32 12,37 - ,01 + 6 +15 855 
515 1123 8.1 43 56 15.31 uiaey + 37 + 68 NC 
516 1124 8.2 46 20 15.96 ion +13 | - 937 
517° | 1125 8.3 45 58 14,39 + .13 - 4 + 4 
51s* | 1126 8.4 37° 87 12.79 - .16 - 2 + 7 861 
519¢ 1127 | 8.4 | 33 23 13.94 onan + 9 + 1 
520 1128 8.5 | 38 47 12,31 + ,O1 - 6 |] -18 852 
521° 1129 8.5 | 38 38 13,12 + 05 + 6 - 8 853 
5220 1130 8.7 | 4 8 14, + ,01 +9 | +7 
523¢ 1131 6.7 | 35 387 13,47 - ,O1 -@]) +4 
524 1132 8.8 | 40 8 8.76 - .23 - 6 | +32 833 
525 1133 8.8 39 54 9,23 - .20 - 7 | +81 837 
5269 1135 9.0 | s3 18 14.66 tee - 4 | +12 
se7_ | 1136 9.0 | 37 16 15.56 ro Ronee - 5 | +4 
528 1137. | 9.5 | 36 50 15.27 La +24 | + 7 
529 | 138i 9.5 | 39 34 14.38 +1.46 - 6 | +382 NC 
530 1139 | 9.6 | 39 41 16,02 Rca +26 | -18 
} | | 
531 | 1141 9.6 | 33 45 10.07 | = .27 + 2 | +32 874 
532 1143—CC 9.7 | 46 59 15,66 led +10 | -32 
533° 1145 10.1 | 38 18 14.98 pi tis ae it 
534 1146 10.2 | 48 59 15,95 eae -2@ | - 4 
535¢ 1147 10.3 38 57 14,82 ease | ee | eee 
536° | 1148 10.4 47 50 | 14.29 +20 | <6 | + § 
537° | 1149 10.5 36 3 15,48 Sac | set = ae 
ssa | = 11s0—sid| 10.5 44 30 | 13.98 +365 | «64215 | = NC 
539 | 1152 10.8 | 39 §2 14,81 coon | © 7 | #28 
540 1153 10.9 | 36 50 15,71 Soavee | ue | - 34 
| | 
S41* | 1154 11.0 | 47 46 14.80 | +35 t - 2 
542 | 1155 11:0 | 39 46 12.68 | «| «a3 843 
543¢ 1157 11.4 | 35 39 15.11 | +20 - 9 
544 1159 11.7 | 36 25 16,05 | + 81 + 10 
E 1160 | 11.9 | 48 49 15,38 | + 29 + 27 NC? 
546 1161 m0 | 2 2 10,41 - .17 | Soe 836 
547 1162 | 12.0 | 42 27 7.30 - 12 +18 | +37 798 
5480 | = 1162b CC 10.9 | 42 34 14,3 cooee | ©3830 | 016 ne? 
s49e | olles 12.1. | 39 48 15.32 A a -9|+¢e28 
550° 1164 12.1 | #3 26 14.81 een +13 | - 2 
551+ 1166 12.4 | 44 52 13.34 - .07 -17 - 1 789 
562 1167 To a or 14,56 hae + 6 NC 
553° | 1171 12.5 | 43 22 | 15.98 aes | ee + 3 
554 1174 33.0 | a 8 | 4223.88 «4 | + 9 | + $8 761 
555° | 1175 15.1 | 41 33° | (14,67 met = © +11 
| j 
556 | + 2 -12 
| + 6 + 4 
- 16 - § 
} - 4 + § 803 
| + 6 - 2 
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Ooster- a 1900 § 1900 Phot. Color 

No. hoff No. 2h +56° Mag. Index Ma M$ ae 
561 1181 127 1384 40' 30" 12.76 - .ll ° - 8 826 
562 1181b 13.1 40 36 16,0 ahaa - 20: - 4: 
563° 1182 13.7 43 36 13.80 + .26 + 8 +13 
564 1183 13.9 34 48 15.21 adess r) - 8 
565 1184 13.9 37 35 12,26 - .ll - 10 +1 866 
5669 1185 13.9 37 54 13.37 + .07 -11 - 7 862 
567 1186 13.9 49 31 15.87 eceece + 9 - 18 
568 1187 14.7 43 15 10,94 - .17 - 16 + 7 793 
569 1188 14.8 33g 15,67 ida - 15 + 6 
570 1189 14.8 40 56 14.46 + .45 +131 -114 NC 
571 1190 15.0 42 37 15,58 “is +18 
5720 1191 15.2 38 11 14,92 - 38 + 6 
573 1192 15.2 41 31 15,09 - 18 - 6 
574 1193 15.2 37 #19 15.74 | + § +19 
575 1194 15.2 38 2 15,84 -ll + 15 
576 | 1195 15.3 34 45 13.53 | eat - 9 
577 1196 15.3 47 14 10,69 | - 21 - 40 780 NC? 
578¢ 1198 15.7 4. 19 13.95 - 3 - 3 
579 1199 15.8 37 (il 16,18 [ —ag - 30 
580 1202 16.0 32. 14,42 | +6 - 21 NC 

| | 
561 | 1202 16.2 39 48 12.28 | 249 - 12 844 
582e | 1203 16.3 41 13 14,05 | = 16 + 2 
583* 1204 16.5 46 33 13.46 as ° 
5849 1206 16.7 38 47 14,86 | +18 -14 
585 1207 16.8 43 15 15.95 | - 20 + 32 
s86* | 1209 17,1 35 59 14.92 ines eee + 6 
587 | 1210 17.3 46 43 15,90 mace |. ae - 28 
588s 1210b 17,1 46 46 15.9 Se Se + 6 
sage | 1213 17.7 40 42 14.75 ote | r) + 9 
500" | 1214 18.0 32 48 14.99 tern” ee +14 
591° | 1215 18.2 32 30 15.26 cseee | t) + 20 
§92— | 1216 18.5 37 22 15,54 teers | = 18 - 37 
§93 | 1217 18.5 46 37 15,61 omen |. eae +12 
594 | 1216 18.8 40 46 16,06 cece - 29 - 50 Net 
595 1219 18.9 34 59 15,61 ‘pane +15 - 6 

} 
696 | 1222 19.4 31 54 15.75 tin | oe +18 
597 | 1222 19.4 42 55 15,88 sdveas= om - 28 
698 | 1223 19.4 44 36 15.99 ae - 8 
sso «=| ~Ss«1 228 19.5 4701 15.97 Pe art + 2 
600° | 1225 19.8 36 54 14,65 + .37 - 24 -13 
601 1227 19.9 47 43 15.88 gates - 2 + 2 
602 1230 20.8 34 44 15.79 at +18 
603 1232 21.0 40 48 11.44 “ak. |. i - 7 820 
604 | 1233 21.2 35 36 15.40 és + 8 - 3 
605 | 1234 21.2 32 40 14,27 ties + 25 - 42 NC 
606¢ | 1235 21.3 47 38 15.25 aaeces |. nll +12 
607 | 1236 21.3 44 4 15,95 o4eaa ae - 30 nc 
606 | 1238 21.6 43 4 15,86 okseet. 1? eae + 24 NC 
609 «=| ~—s«1239 21.8 31 #8 14,57 oeseeet + ae + 44 Nc 
610 | 1240 22.0 39 55 16,07 eee ae - 6 

| | 
611 | 1241 22.2 32 28 14,61 Ger \ ae" - 23 
612 | 1242 22.6 32 33 10.71 + .26 | +4118 -106 721 WC 
613 | 1244 22.7 36 52 16.16 acti lt “ean + 20 
6l4e | 1245 22.7 46 24 14,88 05s eS ae - 6 
615 | 1247 23.3 440¢~C«S 15,80 tonse | OSS + 25 

| 
6l16* | 1249 23.9 32 14 14,36 - .39 0 - 9 
617 | 1250 23.9 47 1 15,62 akan ans ee 
618 | 1251 24.0 39 50 15.70 omens +19 | = 26 
6ls* | 1253 24.1 46 30 13,27 + .08 - 8! +6 691 
620 | 1254 24,1 32 24 12,71 - 04 -15 | + 4 723 

| 

621 1257 24.5 39 «(9 10.70 - ,06 - 16 + 2 706 
622 1258 24.6 33.C«‘*S 12,51 +1.14 +117 +15 17 ~~ NC 
623 | 1259 24.6 47, 1 15,93 pea + 39 - 27 NC? 
624* | 1260 24.8 39 «55 14,38 staae 1. ae - 7 
625 | 1261 25.0 37. 0 9.94 wig | «© 25 + 8 710 
626¢ 1262 25.1 42 25 14,48 + .02 | +10 -13 
627 1263 25.2 36 47 16,19 syeaaea Vo ee - 21 
626° | 1264 25.2 34 «(18 14,88 «tenn, LS + §& 
629° | 1265 26.3 42 17 14.39 tgs | 4 - 7 
630 | 1266 25.4 45 42 12,48 00 | +20 «3 695 
63i* 1267 25.6 40 52 14.62 weet ot - 21 
632 1268 25.6 40 37 9,62 - .16 - 26 + 6 704 
633 1270 25.9 48 41 14.89 + .46 | +20 -12 
634 1271 26.1 47 13 15.30 eS aa - 48 we 
635 1272 26,1 41 29 14,61 41.17 | © 80 + 44 ne 
636 1275 26.4 32 18 15.97 sedud t) - 58 Nc? 
637 1276 26.6 46 =«°7 12.46 - .12 - 23 0 692 
638 1278 26.7 43 43 11.66 - .13 + 6 0 696 
639 1280 26,9 39 14 15,72 ainda -17 - 15 
640 1281 26.9 41 50 14,18 oben - 7 + 2 




















TABLE 2 -- Continued 








Color 
































Ooster- a 1900 § 1900 | Phot. 
No. | hoff No. ah +56° | Mag. Index Ma Mg Remarks 
| -- 
641 1282 12" 2689 | so! 23" | 12.34 - .09 - 26 -ll 705 
642 1283 27.1 | 41 35 | 12.90 - .13 - 18 a 701 
eas | «(1284 vw. | 42S | ee + ,23 + 22 - 13 699 =—-NC 
644°) | 1285 27.4 | 41 2 | 183,49 + 14 - 15 -1l 702 
645 | 1286 27.5 36 43 | 14,15 + .12 - 12 ) 
| | | 
646* | 1287 | 27.6 | 40 33 | 165,22 yeaa + 5 - 1 
647 | 1289 28.2 42.47) | 185.85 | cece +12 - 12 
648 1290 28.4 33.13 | = 15,22 ese are +210 - 54 NC 
649° | 1291 28.7 3809 SC |~—s(18,.39 eseee + 5 +10 
650° | =a 20.7 | 44 50 | 18.32 vais - 8 + 2 
} | | 
651° 1205 | 30.1. | 30 35 | 13.87 - .04 - 6 - 8 
652° 1296 | so.2 | 41 6&2 12,87 - ,06 - 5 - 12 700 
65s¢ 1297 | 30:3 | 35 24 | 16,10 wie ‘a | -# 
654 1208 | 30.4 | 45 57 | 11.02 | - + 2 0 694 
655 1301 30.6 | Sl 48 | is i ree + 5 - 6 
656 1304 30.8 | 47 27 12.87 | + .18 +17 - 16 689 
657* 1305 | 30.8 | 47 12 | 15,08 yf Sag os + 9 
658 1306 | 8 | @:°88 | Mee | ceses -17 + 24 
659 1307 | 30.9 48 16 15.90 | ccvce + 22 + 46 NC? 
660* 1308s 31.0 36 15 13.86 | + .23 - 3 - 4 
| | 
661 1309 31.0 | 38 6&2 15.61 | eeeee - 17 - 14 
662° 1310 31.2 j 41 50 15,19 | eevee -16 | oo: 
66s | 1311 31.6 | 45 14 15.76 | ccccc + 21 - 6 
664i 1313 31.7 | 46 40 16,03 |  ceeee - 2 - 46 NC? 
665* | 1316 $3.1 | 36 32 15,09 pones +13 - 21 
} | 
666 1317 | 32.1 | 42 34 S06. | besee - 16 - 6 
667 | 1318 304 | 3-3 16.16 | ceces + 9 + 26 
668° | 1320, | 32.5 | 47 56 13 83 + 15 - 2 + 4 
669" | 1321 $3.2 | 38 12 14.38 | cccce -18 | - 9 
670 | 1322 33.2 | 33 57 15.86 seeee +29 | - 5 | NC? 
671 ses 33.5 | 49 10 15.85 | oveee - 6 | -2 | 
672" 1324S | ae5 | 88. 42 13.90 | + .10 -ll | - 4 | 
673 1327 | 33.4 | of oF 15.61 | ceeee —f| oe | 
674 1328 3.6 | 46 23 13.70 | + ,09 - 9 +15 | 
675 1329 33,7 43 41 15.54 | eeeee + 6 | - 24 | 
676 133 33.7 | 43 97 15.55 |  ceece - 7 - 8 
67 1331 | 33.8 | 32 3 39,00 | -.30 - 10 + 1 725 
678* se 33.9 | 38 24 13.71 | + .07 - 23 - 3 
679 1335 | 33.9 36 35 12.78 | + .06 - 8 - 3 711 
680 | 133 34.1 S2 81 | 16.76 | cccce - 67 + 23 NC 
esis | 1336 34.1 7.00. | ABOR | cose -17 - 5 
6s2 | 1sse | 34.4 | 37 37 7ERE | tke -17 | - 316 
683* 1339 | 34.5 | 36 46 IGS |  ccece +5 /- 9 
684 1340 Sa.0 | 32:40 | SHG | coves -14 - 22 
ese | 1341 35.2 | 42 50 | 15.61 | + .08 -1/|-4 
686 1345 36.0 | 48 Sl | 11.68 | + .05 -17 - 10 688 
687* 1346 36.0 | 48 46 | 13.13 - .07 +6 | = 3 686 
688 1347 ee a ee ee + 40 - 23 
689 1348 $6.0 | Sl 42 | 16.95 | occ + 1 + 2 
690 1349 36.2 | 35 45 | 13.25 | + .18 - 4 -14 | 4 
| 
6916 1350 $6.2 | s6 39 | 18.06 | + .02 - 1 + 7 | 708 
692° 1351 26,2 aot | ABS | dacs - 4 - 14 
693 1352 36.5 46 33 | 10.27 | = .22 - 1 - 34 687 
694 1354 36,6 a roe +14 - 8 
695 1356 26,7 39 39 «||| (14,75 coi + 21 - ¥ 
696" 1258 37.2 36 2 12,77 + 01 - 32 - 6 713 NC? 
697 1359 37.5 | 39 34 | 14,44 + .64 + 81 - 39 NC 
698 1361 37.6 | 34 57 | 15,79 seas - 3 r) 
699" | 1362 37.9 340C<«Si(is]CtsC8 28 eoece - 6 - 10 
700* | 1363 38.0 41 47 | 16,62 vate + 20 - 22 
701 | 1364 38,1 37 52 | 10.12 | - .18 - 45 + 6 709 NCP 
702 1365 Seis | 87:36 | 35:42 oeN'es + 7 -14 
703 1368 38.4 | 45 27 | 15 .84 stuns + 63 + 14: 
7048 1369 38.4 | 43 33 13.99 + .15 0 - 3 
705 1371 38.5 | 46 2 an eee + 35 - 35 NC? 
706+ | 1372 38.6 | 42 11 14.75 | + .25 -13 1 
707 1373 38.8 | 37 5 Oe a re +17 6 
708% 1375 39.0 | 32 36 13.67 | + .16 - 14 9 
709 1378 3.5 | 36 33 908 | 200 - 20 r) 712 
710* 1380 39.4 | 40 55 15.36 elton - 2 - 6 
| 
711 1381 39.5 | 46 19 15.67 anne + 34 - 10 
712 1384 40.0 | 42 43 13.44 -. - 16 re 
713¢ 1388 41.0 36 43 14,25 + .14 - 10 + 7 
714* 1394 41.6 | 33 (12 14,41 esses » + 7 
715 1395 41.6 | 45 14 14,69 REN AR - 3 - 7 
716* 1398 41.8 42 6 15,34 heed + 4 - 6 
717 ~#| 1399 41.8 36 42 14,40 + .74 +392 -194 NC 
718 | 1402 42.1 43 16 15.96 <onap + 28 - 10 
719 | 1403 42,2 41 58 14,33 séewe - 6 ae | 
720 1403» 42,1 41 59 15.2 o¥ens - 2 + 9 














































































































TABLE 2 -- Continued 
nae 1900 | § 1900 hot Col 
i Ooster- a 19 Phot, olor - —- 

mae hoff No. 2h |  +56° Mag. Index Ma MG | Remarks 
721 1404 12" 4282 | 4g! of 16,21 - 26 + 5 | 
722 1406 42.9 | 46 34 16,00 + 3 a 
723 1409 43.3 32 48 15.72 -11 +13 «| 
7248 1410 43.3 | 45 24 14.30 - - 10 - & | 
725 1412 43.4 | 33 36 11.56 - 16 | ©1313 +11 | 715 

| 
726 141: 43.5 33 24 15,88 waeue-) oh nreeecee + 26 | 
727 1414 43.6 | 32 33 11.89 +.33 | -14 | - 70 722 NC 
728 1416 43.8 | 33 53 14,07 ecoee | +25 | = 20 | NC?? 
729% 1418 44.0 | 40 14 14,81 6 | > is) ~aee 
7308 1419 44.0 | 47 48 14.48 * | we Poem var.? 
731¢ 1422 44.4 {| 39 1 15.42 woe. |) RS eae | 
732 1423 44.4 40 51 18,56 |. Wccccs, .| 9-18. ft SR NC 
7338 1425 44.6 37 4 7a.an | Sccke | | SE ere 
7349 1427 44,7 3456 | 14.37 + 408 ok eo Robpeeke 4 
735% 1428 44.8 mC | ee | aes L? ee a 
736 1432 44.9 a. ae” eer eee ees” 
737 1434 45,5 SS ee: eee ee ee 
738 1436 45.6 36 24 16,68 | <<oses “h =X 1 wie 
739 142 45.8 so. 0 6} )«€61ka2 | «Ce I? -32 | + 8 707 
740 1439 45.9 $3 16 | 112.02 - .24 - 2 + 20 716 
741¢ 1444 46.7 se 46 | 15.22 | +.18 | - #4 | +120 719 
7420 1448 47.1 40 14 | 14.78 | +.59 | +17 | + 3 
743 1449 47,2 46 52 | 15.98 | | +47 | +24 NC? 
7448 1452 47.6 3s | we +17 | + 9 
745 1453 47.7 37 5 | (16.19 + 37 - 25 
746% 1456 48.4 41 44 4 15,04 Wena + 7 - 3 
747 1458 48.5 40 4 | 16,05 asaee +11 + 2 
748 1459 56 | 48 SR | RS acne - 18 - 7 
7498 1460 48.6 | 46 2 | 12.74 | = .03 - 8 - 2 693 
7508 1461 49.2 42 29 | 13.43 + 11 + 6 + 6 
751% 1464 49.6 47 34 | 13.22 + 6 + 2 690 
752 1465 49.8 43 25 12.85 + 1 -17 697 
753 1468 49.9 37 «48 16,11 + 4 - 7 
754% 1469 50.0 38 582 | 164.34 | r) + 7 
755 1471 50.5 36 26 | 14,38 | +332 -229 NC 

} | 
756 1473 51.0 a an a Oe + 32 + 29 NC 
757 1474 51.3 35 65 | 15,97 | - 7 - 16 
758* 1477 51.9 44 13 | 15.40 | - 24 + 4 
759 1478 52.3 a2 3 | * 18.08 +10 - 8 
760% 1479 52.8 34 24 =| 13,70 - 3 -17 
761 1460 52.8 44062 CO 3.88 | +18 +15 
762 1481 53.1 37 40 | 15.88 | Toe - 31 
763 1483 53.2 33 31 | 15.49 | #115: - 10: KC 
764 1486 54,2 41 45 | 13,81 |. 88 0 
765% 1488 54.4 36 30 | 14,26 + 5 ied 
766¢ 1489 54.4 40 52 | 15.35 | - 2 4 | 78 
767% 1494 65.9 | 42 36 | 14.44 | +13 +11 
768* 1498 57.0 | 39 18 | 14,30 | + 2 + 8 
769% 1501 57.2 46 35 | 15.47 + 7 ° 
770 1502 57.4 36 2 | 15,83 + 33 - 7 
7718 1505 58.0 35 15 15.39 memes - 2 + 6 
772 1506 58.7 43 37 | 16,06 snes + 23 - 8 
7738 1507 59.0 46 32 | 14.53 + .16 + 10 - 22 
7748 1508 59.1 43 4 | 14,09 + .16 +15 + 7 
7758 1512 59.5 37.15 | 14,60 nana + 2 + 8 
7768 1513 130.2 | «443 «46 | 14.32 | + .10 ered +11 
7778 1514 O02 | 34 58 | 13.84 | - .08 - 17 + 10 
778 1515 0.4 | 34 40 | 16,00 seees - 69 - 22 NC? 
779 1516 O@ | 43 39 | 11.22 - .12 - 35 +11 621 
780¢ 1517 6.6 | 46 G6 | #1458 | =< + 5 + 6 
781 1518 0.7 | 387 29 15.86 | + 5 - 15 
7828 1519 0.8 | 44 15 15.27 | - 12 - 2 
783 1520 0.8 | 45 20 15.86 | + 50 - 44 NC 
784¢ 1522 1.1 | 44 50 14,94 a 9 - 26 
785 1525 2.2 35 42 12,01 | - 27 + 42 632 = NCP 
786° 1533 2.9 41 36 14.38 | +.,22 + 8 + 3 
787% 1535 3.2 36 36 14.27 | + .26 + 4 - 5 
788 1538 3.7 36 55 pe ee eee + 29 - 18 
789 1539 2.8 39 49 11:36 | - 9 - 31 + 9 626 
790 1546 6.2 39 34 14.82 | +1,09 - 26: | + 56: Nc 
| | 
7918 1552 7.3 41 20 WAG 1 Sexes +16 ft) 
792 1557 8.0 42 2 Ce aa +11 + 4 
7938 1562 9.1 44 17 16:08 | .+ 8 +19 +12 
794 1566 9.8 39 6 11.51 | - .08 - 21 + 28 629 
795° | 1570 10.6 41 29 14.29 a .19 + 24 + 18 NC? 
796° | 1573 11.6 39 «48 15.25 | + 2 + 9 | 
797 | 1575 11.8 38 52 13.95 | - 41 + 27 NC 
798 =| 1877 12.0 40 46 14.80 | + 7 + 42 NC 
799 | 1586 13.4 38 16 9.15 | - -7 | +14 630 = NC 
800 1590 13.7 42 22 11.62 | - - 2 | + 28 623 
1 oe is 
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Selection of noncluster stars —From Table 3 we see that the brightest and the faintest 
stars show larger probable errors, as might be expected from the increased difficulty in 
the measurement. In order to find which stars probably do not belong to the cluster, the 
motions were again plotted for each magnitude, except that stars brighter than magni- 
tude 10 were plotted together. 

In Figure 2, scatter diagrams give the motions of the stars of magnitudes 13 and 16, 
the magnitudes where we have the smallest and the largest internal probable errors. 
From these diagrams it is evident how much easier it is to distinguish between cluster 
and noncluster stars when the probable errors are small. For a few doubtful stars the 
probable errors are indicated by crosses, the length of the arms representing the probable 
error. Since for the noncluster stars the motions are smaller for the fainter stars and the 
probable error is larger, it is clearly very difficult to pick out the noncluster stars fainter 
than magnitude 15.5. However, from each scatter diagram we try to decide which stars 

















TABLE 3 
PROBABLE ERRORS FOR DIFFERENT MAGNITUDES 
: 3 After Corr. for Cluster 

Mag. P.E. in we | P.E. in wg n Sen. Moves ra 
ee 070036 0"0010 18 0”0006 0"0008 17 
ee .0028 .0006 31 .0007 .0008 23 
| (EE RS ee a .0025 .0006 44 .0008 .0006 37 
Be aS .0015 .0005 64 .0006 ,0005 56 
| Se ter .0008 .0004 109 .0003 .0004 100 
_ OR Re .0006 .0006 200 .0005 .0006 170 
1 Sar anne Oe .0010 .0008 289 .0008 .0008 252 
RL ar Sears 0.0013 0.0011 45 0.0010 0.0011 41 
PRS cor Reeak 070011 0”0007 800 0700065 | 0700069 | 696 




















definitely belong to the cluster and which probably do not. For 19 of the brighter stars 
we have, in addition, radial velocities.’ The radial velocity of the cluster is about —47 
km/sec; star 799 = BD+56°545 must therefore be excluded, as its radial velocity from 
3 Mount Wilson plates is —24 +2 km/sec. 

Altogether, 63 stars were marked as definitely not belonging to the cluster, and 41 as 
probably not. Besides the mean motions, two more criteria were used to determine their 
membership—viz., the color index and the internal agreement between the two pairs of 
plates. These 104 stars are shown in Figure 3 and are collected in Tables 4a and 4d, where 
they are arranged according to decreasing magnitude. The 4 stars at the bottom of 
Table 46 have been added later (see p. 47). 

Table 5 shows the numbers of these 108 noncluster stars according to their total mo- 
tion. For this purpose the correction from relative to absolute motion derived on page 
33 was applied. This table is interesting because in Utrecht V we found that there 
were more field stars with motions between 0”010 and 07019 than between 07000 and 
07009. The fact that we now find by far the highest percentage of field stars among 
those with the smallest motions is undoubtedly due to the increase in the accuracy. The 
results are not quite comparable, because in Utrecht V we were not dealing with stars 
fainter than about magnitude 13.6; if, however, we exclude the stars fainter than this 
limit, the first two numbers in the next to the last column change to 72 and 21, still show- 
ing by far the largest percentage for the smallest motions. The 692 other stars which, 


5 Six of these stars had radial velocities determined at Mount Wilson. Dr. Trumpler was kind enough 
to send me, by letter, radial velocities for 15 and spectral types for 74 stars. 
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Fic. 1.—Comparison of the results derived in Utrecht V with those of the present paper 
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according to their motions, might belong to the cluster have the distribution shown 
in Table 6. 

The distribution of these motions in a and 6 is plotted in Figure 4. The error-curves in 
this figure are constructed from the probable errors—0"0092 for a and 070090 for 6—de- 
rived from the actual deviations. These values are larger than the internal errors given 
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MOTION IN RIGHT ASCENSION 


Fic. 2.—Scatter diagrams of the motions for magnitudes 13 and 16 


on page 44. While in practice the external errors are always larger than the internal ones, 
we have here an additional circumstance which would increase the difference, viz., that 
undoubtedly a certain number of the stars are not really cluster stars. Another explana- 
tion would be internal motions in the cluster, which, if this were the only cause, would 
amount to 0700065 in a and 0700058 in 6. 

As we shall see later, some 50 stars may still be included which probably do not belong 
to the cluster. This fact probably is the main cause of the discrépancy in the probable 
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errors. The point was investigated by scrutinizing the stars whose deviations exceed 
("0025 in either co-ordinate, in connection with the probable errors of the individual 
stars. But in this way we were able to exclude only 4 more stars—Nos. 173, 215, 294, and 
728, given in the last four lines of Table 40. It also appeared that about 70 per cent of the 
larger deviations come from the stars fainter than 15.5 mag. and may well be explained 
by the larger errors for these stars. 


THE THEORETICAL NUMBER OF NONCLUSTER STARS 


In my parallax work I have been accustomed to use Table 4 in Groningen 27 to derive 
the photographic magnitudes. While, as a whole, the values thus derived agree well with 
other sources, it is evident that at low galactic latitudes this table is less reliable, owing 
to the strong but uncertain amount of interstellar absorption in many parts of the galaxy. 
Nevertheless, we have used this table to derive the values given in Table 7 for the number 
of field stars in our region. 
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MOTION IN RIGHT ASCENSION 


Fic. 3.—Distribution of the motions of the noncluster stars. For comparison, the distribution of the 
cluster stars is given to the right. In the small circle with radius 07003 we find 611 stars; in the ring 
between 07003 and 07005, 79 stars; outside the larger circle, only 2 stars. 


Another, and possibly a more reliable, determination of the number of field stars to be 
expected in the region measured may be derived from the counts of stars on small-scale 
plates. Several plates with different exposures of the region of # and x Persei taken by 
Mr. Humason at the 10-inch photographic doublet in 1920 were available. The plate 
with an exposure of one hour shows stars of exactly the same limiting magnitude as the 
plates measured for the present paper. On this plate of Mr. Humason’s I counted the 
number of stars in squares with sides of 2/85 over an area 161 by 143 minutes of arc. For 
the central parts of both clusters, where there is a good deal of overlapping of the images 
on the 10-inch plates, the counts were made on the 80-foot-focus plates. The numbers of 
stars per square vary from 0 to 81 in the very center of 4 Persei. The mean numbers in 
right ascension and declination are given in Table 8 and plotted in Figure 5. 

We find a slight general increase in the numbers from east to west and from north to 
south; but, except for the center of the field, which contains the double cluster, the figures 
run smoothly enough for us to conclude that over the area covered by the proper-motion 
field we may accept 4.90 stars per square for the field stars in the region of / Persei. This 
means that in the circle measured we should expect about:190 field stars, or 40 more than 
we would expect from the table in Groningen 27. 








TABLE 4a 


ACCORDING TO APPARENT MAGNITUDE 






STARS DEFINITELY NONMEMBERS OF THE CLUSTER, ARRANGED 
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From Figure 5 we can also derive 27’ as the approximate distance between the centers 
of the two clusters. The diameter of # Persei may be taken as 35’, although the denser 
part of the cluster is limited to about 25’. For the region in which the numbers of stars 
were counted, I have constructed the density diagram in Figure 6, which shows the ex- 


TABLE 46 
STARS PROBABLY NONMEMBERS OF THE CLUSTER 























No. Mph CL. | a | us 
, ee 10.12 -—0.18 | -—070045 | +070006 
a 10.18 —0.22 + 0022 | — .0040 
eo. 2 —0.29 + 0025 — .0039 
ie Ds 10.67 —0.23 | + .0035 | — .0040 
SUR 10.69 —0.24 | — .0021 | — .0040 
ee 10.94 —0.19 | — .0031 | + .0038 
es oe) 12.01 +0.29 | — .0027 | + .0042 
G6... ......-. 12.77 $0.0 .| = 2 | = os 
ec) le 13.07 | 40.34 | + .0037 — .0005 
; | RSE 13.63 | +037 | — .0034 — .0022 
Mn, vere wee 13.74 +0.70 | + .0015 | — .0007 
, ee ae +0.73 | — .0008 + .0002 
a. ...:... se +1.00 — 0016 | + .0013 
; ES 14.21 +0.30 — 0015 | + .0026 
. ERE 14.29 +0.19 + 0024 | + .0018 
NE 14.30 25 ii | + 0030 + .0016 
eae 14.90 + 0032 — .0006 
Sy 14.97 + 0023 + .0018 
Sie ee Be + 0023 + .0025 
| Ver: A ee eS — .0001 + 0031 
Os co ae PS SER Re eas — .0024 | — .0022 
OO. ks oe SS Senge + 00290 | + .0027 
86 en ee — .0028 — .0022 
361 15.50 — 0011 + .0047 
| Sa 2 eee + .0035 — .0035 
oe 15.77 — .0056 — .0026 
Ras a 8. 1... + .0029 | — .0046 
ae: 15.86 + .0029 — .0054 
RRR. 15.88 + 0014 | — .0052 
"RR wee ft. .-..... + 0022 | + .0046 
134 15.92 — .0050 | — .0003 
ee es 15.92 — 0069 | — .0002 
eee 15.92 — .0050 | + .0008 
aii 15.93 + .0039 | — .0027 
Se Go 15.94 — .0039 | — .0029 
a 15.97 0000 — .0058 
743 15.9% |..:... — .0047 + .0024 
37 eT ae — 0033 | — .0038 
, 16.00 | — 0069 | — .0022 
RE | 16.03 | — .0028 — 0046 
Tam ae a < Beers — 0029 — .0050 
294 | 9.58 <=}, 23 + 0029 — .0042 
; SRS Sy. | 10.87 —0.17 + 0034 — .0002 
Saree 10.96 —0.26 + .0017 — .0027 
EE | a” Ee eee | +0.0025 | —0.0020 





treme irregularity of the star density in this region. In order not to make this figure too 
irregular, the means of 9 squares, or regions 8/55 square, were taken. 

I also counted the number of stars in the same region on plates taken at the 10-inch 
photographic doublet with an exposure of 6™40*, which shows stars down to about mag- 
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nitude 14. The diameter of / Persei comes out 38’, practically the same; but the curve is 
so much flatter that it is difficult to decide on the limits of the cluster. For the plate show- 
ing stars down to magnitude 14, we find 1.1 stars per square with sides of 2/85, which, for 
the region measured, would indicate 42 field stars instead of 31.3—a gain of practically 
the same ratio as that for the stars of magnitude 16.1. 

It would be fairly easy to ascribe this difference to the fact that in Groningen 27 
the figures are based on the mean for all galactic latitudes and that these means must, 
therefore, in many regions be smaller than in others, where the absorption is less than in 
general. But we do not know how much absorption there is in different parts of the Milky 
Way. In the region under discussion Dr. Stebbins has been kind enough to determine the 


TABLE 5 
DISTRIBUTION OF THE MOTION OF THE FIELD STARS 





Percentage 








Limits of u | Noncluster | Percentage 
| in Utrecht V 
00000-00090. . 2 1S | 19 
0.0100-0.0190... | 22 | 20 39 
0.0200-0 .0290. 3 | 3 25 
0.0300-0 0390. .. | #2 | @ | 10 
0.0400-0.0490. . ; 3 | 3 4 
50.0500....... 1 | 1 | 3 
TABLE 6 
DISTRIBUTION OF MOTION OF POS- 
SIBLE CLUSTER STARS 
Limits of u n | Percentage 
0”0000-0"0009............. 195 28 
0.0010-0.0019...... i 279 40 
0.0020-0.0029...... .| 137 20 
0.0030-0.0039.............) 65 9 
0.0040-0.0049............. | 14 2 
UO ee ice a ip sale made aia : ys 0 





photographic absorption for 15 stars. In the mean, his result is 2.05 mag., but he finds 
for the two brightest stars the exceptionally high values of 2.5 and 2.6 mag. Even in the 
small region under investigation here, we can see a great deal of difference in the absorp- 
tion east and west of the center of the field (Table 8 and the corresponding figure [Fig. 5, 
a|). We may therefore conclude that the number of noncluster stars probably exceeds 
108 but is less than 190. 

A first glance at Table 7 might convince us that down to magnitude 15 we have located 
practically all the noncluster stars and that the lack of the fainter noncluster stars might 
be explained either by absorption or by the fact that it is more difficult to find the fainter 
noncluster stars because their motions are smaller and their probable errors larger. A 
closer scrutiny shows another disturbing effect. For magnitude 10 we find only 2 stars 
which can be definitely called nonmembers of the cluster; the motions of the other 8 stars 
are so small that it is rather doubtful whether, in view of the smaller accuracy for the 
brighter stars, they can exclude the 8 stars from the cluster. This uncertainty is empha- 
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TABLE 7 
NUMBER OF STARS OF VARIOUS MAGNITUDES TO BE EXPECTED IN 
THE REGION MEASURED 
S : Field Stars | Total V Possible 
e ™ph N Theor. Found Obs. Cluster Stars 
‘ 5 ia Sete one 0.1 0 | 2 2 
F 9. 0.3 0 5 5 
5 10. . 0.8 2 | 18 16 
re. 2.3 12 49 37 
12. 6.0 19 | 93 74 
‘2. 4 -| WwW | 38 130 
t 14... 31.3 | 36 266 230 
r 15. 70.2 | 67 466 399 
1 15.5 99.0 | 78 589 511 
16.0 140.0 104 755 651 
, 16.1 1498 | 108 | 800 692 
3 | WN ee s 
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sized by the fact that for 6 of these 8 stars Trumpler gives spectra which make it possible 
that, after all, they are members of the cluster. Only radial velocities could decide the 


question. 
THE FINAL MOTION OF THE CLUSTER 


The motions derived are relative to the motion of the cluster. Comparing the paral- 
lactic motions of the noncluster stars with these relative motions, we would find the mo- 
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Fic. 5.—Mean number of stars in right ascension and declination per area with sides of 2/85, in a 
region 161 by 143 minutes of arc around & Persei. 


TABLE 8 


MEAN STAR DENSITY PER SQUARE WITH SIDES OF 2!85 
a= 221™405 to a= 252™20s 


4.7 4.5 6.8 8.2 4.5 5.6 
4.2 4.4 6.4 6.6 4.9 4.9 
4.5 5.3 6.1 aval 5.4 5.1 
4.5 4.7 5.3 5.3 5.6 5.4 
4.5 5.3 5.8 5.4 5.8 5.6 
4.0 4.9 5.8 5.3 > 5.0 
5.0 5.0 6.5 5.2 5.0 5.6 
4.5 4.9 6.8 4.7 5.4 

4.7 5.9 8.7 4.5 6.3 

4.7 6.8 7.5 5.3 5.3 

6= +57°50’ to 6= +55°20’ 

3.9 4.5 a 6.6 6.1 5.4 
4.2 4.6 5.9 6.0 5.7 4.6 
3.6 4.6 5.9 5.9 6.0 5.2 
4.0 4.1 ‘2 6.0 ie | 5.1 
4.5 4.1 oa8 5.2 5 4.8 
4.3 4.4 8.0 a $.2 4.9 
4.6 5.2 8.4 5.7 5.9 5.1 
4.1 5.1 10.5 5.4 5.2 

3.6 5.1 8.5 5.6 5.7 


tion of the cluster as the difference; this method was used, for instance, in a former pa- 
per: “The Proper Motion of the Open Cluster Messier 67.”* In the present investigation, 
however, some extra precautions have to be taken. The motion of star 286 is so large as to 
influence the mean very definitely and should, accordingly, be excluded. Moreover, in 
Figure 3, we see a group of 3 stars—46, 717, and 755—whose motions are so closely the 
same and are so different from the motions of the other stars that we are inclined to 
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think that they form a small separate group. I have, therefore, computed the motion of 
the cluster, first by comparing the mean parallactic motions for different magnitudes 
with the corresponding motions derived here for the 107 stars of Table 4 (excluding star 
286) and then for the 104 stars, excluding the little group of 3 stars with common proper 
motion. 

Finally, since we know the parallactic motions with greater accuracy for the stars be- 
tween magnitude 12.5 and 15.5, I have repeated this process, first for the 56, and then 
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Fic. 6.—Density of stars in the neighborhood of h Persei 


for the 53, stars between these magnitudes. The four computations give the results in 
Table 9 for the final motion of the cluster, which should be used to reduce the motions of 
Table 2 from relative to absolute. 


OOSTERHOFF’S COLOR INDICES 


In Oosterhoff’s catalogue are color indices for 320 of the stars measured for motion in 
the present paper. In Figure 7 they are plotted against his magnitudes. The cluster stars 
are indicated by dots, noncluster stars by circles, and doubtful stars by crosses. It is clear 
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at once that practically all cluster stars fall on the main branch of the Hertzsprung-Rus- 
sell diagram. Practically all stars falling to the right of the dotted line have proper mo- 
tions and are therefore not members of the cluster. Attention should be called to a few 
stars which do not seem to fall in the expected positions: Nos. 461, 547, 430, 65, and 616. 
Stars Nos. 461 and 547 are the two brightest stars in the field, and their radial velocity is 
the same as that of the cluster. The fact that these two brightest stars are so close to the 
center of 4 Persei makes it practically certain that they must belong to the group. Their 
color index, however, is only slightly negative—much smaller than the fainter members 
of the group. Stars Nos. 430 and 65 are also located too far to the right on the diagrams; 


TABLE 9 
FINAL VALUES OF MOTION OF THE CLUSTER 
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COLOR INDEX 


Fic. 7.—Correlation of color index and magnitude for 320 stars 


their motions are small, but, of course, that fact alone does not necessarily indicate that 
they are members of the cluster.® Radial velocities for these stars would decide their mem- 
bership. Star No. 616, with very small motion, has a large negative color index for its 
magnitude. If it is a cluster star, it would be of abnormal magnitude for its type. 

Of course, several of the stars which have motions excluding them from membership 
in the cluster fall to the left of the dotted line in the diagram, but there is no reason why 
they should not do so. On the other hand, it is most interesting that practically all stars 
falling to the right of this curve have shown by their motions that they are not members 
of the group. 


6 For star No. 430 Stebbins finds an wnusual absorption 1.1; this absorption also makes it improbable 
that the star belongs to the cluster. 











THE PHOTOGRAPHIC DETERMINATION OF STELLAR PARALLAXES 
WITH THE 60- AND 100-INCH REFLECTORS* 


NINETEENTH SERIES 


ADRIAAN VAN MAANEN 
Mount Wilson Observatory 
Received A pril 5, 1944 


ABSTRACT 


Trigonometric parallaxes determined with the 60- and 100-inch reflectors are given for 25 fields, includ- 
ing 28 stars. As in the other recent series, most of the stars were placed on the program on account of 
their large proper motions. One star, vM-W 110, was observed as a possible white dwarf, but the negative 
parallax derived makes it doubtful if the absolute magnitude can be fainter than +8. 


The present paper gives the results for 28 stars in 25 fields, which have recently been 
measured for parallax. The work has been carried out in the same way as for the previous- 












































TABLE 1 
STELLAR PARALLAXES DETERMINED AT MOUNT WILSON 
| | | ¥ | | 

| | Spec- | Relative et: ie 

Object | a 1900 | 6 1900 | me |, ae, et | wa Rel. | P.E. | of | stru- 

rum* | Parallax | | Hay. | mene 

L 1154.29... EL Ser 0! 1042" +12° 5 13 > el eee +0" 084 | +0°647 | 4 10 16 | 60” 
vM-W 30.......... O11 11 | +15 2 5.92 }......| + .041 | +0.183| 6 2 18 | 100 
BD+61°195........ 0 56 19 | +61 43 10.3 M1 | +. .133 | +0.735 | 10 7 18 | 60 
WOM 477. een tcass ‘0 56 58 | +61 50 | 14.5 | M7 | + .109 | +0.722| 5 4 18 | 60 
Ross 323... <2 3.0 | 2 SiS} SSS 95:3 20... + .012 | +0.367 | 6 3}; 18] 60 
Radcl. 45, 368...... 22S 2h) 4-32 eS. 5 6 1... + .001 | +0.200| 5 5] 20} 100 
Woll 1530. 3. 50255. P39 42) +35, SE | US. 37 ib. oes. + .060 | —0.755| 6 3] 18) 100 
OBS EO. 6c ek snk es) 1 52 30 | +58 1/ 14.0 | MS | + .074/ +0.319| 4 9 18 | 60 
ROG S00) oi. sae 2 38 24} +25 6{| 12.3 | M4 + .119 | +0.811 6 9 16 | 60 
RGSS G2. hc ecole 6 2 49} +26 35 | 14.9 |...... + .039 | —0.511 8 3 16 | 100 
Ross '614. . 2.2.6.5. | 6 2418 | — 2 44/ 12.6 | M4e | + .233 | +0.704 | 16 6 18 | 100 
oe SSS 11 30 52 | +29 24] 15.0 |...... | + .011 | +0.256; 8 2 18 | 100 
Wolf 424........... 12 28 24 | + 9 34] 13.7 | MSe | + .239 | —1.728 | 13 2 16 | 100 
| A SSS ee 15 58 30 | +20 56} 14.4 |...... + .095 | —0.928 | 1010; 16} 60 
jo | 7 ee Ld. S326 | 22: SB EZ |. 6:0 — .006 | —0.091 | 14 4 18 | 100 
vM-W 110......... 18 36 44) — 0 1] 13.13 ]...... — .015 | —0.053 | 14 6; 20} 100 
1: | 2) Se | 19 51 24) — 117] 14.1 AO+|) + .077 —0.463 7 9} 20) 100 
Wolf 1130.......... 20 2 42 | +5410! 13.6 | M4e | + .045 | —1.164 6 10 18 | 60 
L 856-54 A.......... 20 50 O| —14 26] 14.5 |...... + .063 | +1.369 | 11 12 18 | 100 
L 850-96 B.. .2.6 6% 20 50 Oj; —14 26| 16.2 |...... + .080 | +1.363 | 5 5 18 | 100 
Wolf 1340.......... 2157 8) +055) 10.5 | MOe | + .086 | —0.466/} 6 1 16 | 60 
Wolf 1561 A........ 22 12 6|/ — 918!) 14.5 | M6 | + .094| —0.458| 8 3); 20) 100 
Wolf 1561 B........ 22 12 6| — 918] 16.5 | M7 + .104 | —0.463 | 7 3); 20) 100 
VMEW 705.6 uses 22 12 27 | +14 52 | 14.60]...... + .050 | +0.199 | 8 2 18 | 100 
HS re 22 33 0} —15 52} 14.3 | MSe | + .308 | +2.280 | 10 6| 18 100 
Ross 780........... 22 47 52 | —14 47 11.5 | M5 + .183 | +0.963 | 14 15 18 | 100 
Bogs 29h ec cen 2 23 20 54 | +23 59 | 15.2 |...... + .029 | +0.509| 7 5 18 | 100 
Wolf 1533.......... 23 30 36 | + 318] 15.2 |...... +0.025 | +0.522 | 9 3 18 | 100 

| | | 











| 








* The spectra are either by Mr. Humason or Mr. Kuiper. 
t Wolf gives mpg as 17, but counts of the number of stars give as mph only 15.3. 


* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washington, No. 692. 
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ly published series.! The results are in Table 1. One star, vM-W 110, was put on the pro- 
gram as a possible white dwarf, but the negative parallax derived leaves us in doubt 
about the absolute magnitude. All the other stars were put on the program on account 
of their proper motion. As in the other recent papers of this series, it was hoped to find 
some more stars of faint absolute magnitudes. Three stars have measurable companions 
(BD+61°195;? L 856-54; and Wolf 1561), and three others have companions which 
could not be measured separately (Rd 45, 368; Ross 614; and Wolf 424); the list there- 
fore represents 31 stars. Excluding vM-W 110, 27 stars have absolute photographic mag- 


TABLE 2 


ADDITIONAL STARS WITH ABSOLUTE PHOTOGRAPHIC 
MAGNITUDES +15.0 OR FAINTER 





| 
| 





Object ai900 | 61900 | Moh | | Parallax | Mpn 
f 5 1 m §° 84’ fi3S:3 vM* | "rn ” | f+14.3 vM 

CSU 6 | 1540 +15° 51 117. Wolff 0°78 | +0°063 | \+16. Wolf 
LO? ki) 1S*S1 +18 3 16.5 ; 1.18 | + .086 | +16.2 
Wolf 1055 B..... 19 12 5 3 18.f 1.45 | + .172 | +19.2 
Wolf 1084........ 20 40 +54 57 | 16.4 1.87 | + .071 | +15.7 
1, B00-04 B.......... 20 50 —14 26 | 16.2 1.48 | + .074 | +15.6 
Wer ts01°B.. ......| 22 42 — 9 18 16.5 0.68 | + .101 +16.5 
DIR; ccc da ceasal eros —15 52 14.3 S27 +0.314 +16.8 


* For Wolf 1530, Wolf gives mph 17, while from star counts in this field I derive mph of only 15.3. 
t On Harvard Announcement Card No. 678 Van Biesbroeck gives the red magnitude as 18; from a letter ] am allowed to quote 
that the color index is probably small. 


nitudes fainter than +10, of which the following 6 are fainter than +15: the companion 
of Ross 614; both components of Wolf 424; the companion of L 856-54 and of Wolf 1561; 
and L 789-6. Of these six stars, only the companions of L 856-54 (A = 176, Am = 1.7 
mag.) and of Wolf 1561 (A = 870, Am = 2 mag.) are new, the others having been 
announced before. The plates measured for L 789-6 were a new set, taken on 103 G plates 
with a yellow filter, while the results published in the seventeenth series were derived from 
E 33 plates taken without a filter. In the same series a preliminary parallax, based on 
12 expnsures only, had been published for Wolf 424. 

In the seventeenth series a list was given of the 21 stars known to have photographic 
absolute magnitudes + 15.0 or fainter; to these now should be added the stars in Table 2. 


1 Mt. W. Contr., Nos. 111, 1916; 136, 1917; 158, 1918; 182, 1920; 204, 1921; 237, 1922; 270, 1923; 290, 
1925; 321, 1926; 356, 1928; 391, 1929; 435, 1931; 468, 1933; 506, 1935; 553, 1936 (Ap. J., 84, 409); 590, 
1938 (A p. J., 87, 424); 630, 1940 (Ap. J., 91, 503); 652, 1941 (Ap. J., 94, 396). 


2 The companion of BD-+61°195, Wolf 47, was placed in the center of the field; for the BD star, of 
mag. 10.5, about 5’ distant no sector was used; the result is that its parallax is less reliable than other- 
wise would have been the case. 
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ORBIT OF THE NINTH SATELLITE OF JUPITER* 


SETH B. NICHOLSON 
Mount Wilson Observatory 
Received A pril 21, 1944 


ABSTRACT 


Jovicentric rectilinear co-ordinates of J [LX which represent satisfactorily all the positions observed 
from 1938 to 1943 were computed by mechanical integration with the co-ordinates and velocities on Sep- 
tember 28.0, 1940, U.T., as constants of integration. 

Solar perturbations change the orbit so rapidly that ordinary osculating elements describe the motion 
of the satellite for a short time only. The mean semimajor axis is 0.1585 astronomical unit, the mean peri- 
od about 758 days. 


The orbit of the ninth satellite of Jupiter has been computed from observations made 
in the years 1938-1943. The combined attractions of Jupiter and the sun were taken into 
account by computing the satellite’s accelerations in jovicentric rectilinear equatorial co- 
ordinates for 10-day intervals. In computing these accelerations, the heliocentric co- 
ordinates of Jupiter from Planetary Co-ordinates! 1800 to 1940 and 1940 to 1960 were used, 
with 0.00095479 for the mass of Jupiter in units of the sun’s mass. Mechanical integra- 
tion of the accelerations gave the co-ordinates of the satellite at 10-day intervals, the 
rectilinear co-ordinates and velocities for September 28.0, 1940, which were used as con- 
stants of integration, having been adjusted by differential corrections until all the ob- 
servations were satisfactorily represented. For comparison with the observed positions, 
geocentric positions were computed with the geocentric co-ordinates of Jupiter inter- 
polated from the American Ephemeris and Nautical Almanac. 

All the observations of J LX? from 1938 to 1943, with their residuals from the final 
orbit, are listed in Table 1. The positions, referred to the equator and equinox of 1950.0, 
have been corrected for aberration and geocentric parallax. The observed positions are so 
well represented that no significant correction to the adopted mass of Jupiter is indicated. 
The residuals could probably be still further reduced by additional small adjustments of 
the integration constants; but such a revision does not seem practical unless observations 
covering a longer time interval are used. An improved value of Jupiter’s mass might be 
obtained if the series of observations of J [X from 1914 to 1918 were included in the solu- 
tion. Observations of J VIII over a still longer interval, 1908-1943, are also available 
for this problem. Before definitive results could be obtained, however, the computed co- 
ordinates of Jupiter would need revision. J VIII and J IX are so faint and so far from 
Jupiter that their positions can seldom be referred directly to the planet. The positions 
of J LX, which were referred to stars of the astrographic zones, should be reduced to the 
system used for the positions of Jupiter, before a more definitive orbit is computed. Such 
reductions* are comparable in size to the residuals in Table 1. 

The ordinary elliptical elements of the jovicentric orbit of J [X vary so rapidly that 
they describe the motion for only a very short time. The orbit is best defined by the rec- 
tangular co-ordinates of the satellite which are given in Table 2 for every 10 days during 
100-day intervals at the beginning and end of the series and for dates in 1940 near Sep- 
tember 28.0. The unit of distance is the astronomical unit, the co-ordinates being referred 
to the equator and equinox of 1950.0. 


*Contributions from the Mount Wilson Observatory, Carnegie Institution of Washington, No. 693. 
'H.M. Nautical Alrnanac Office, London: H.M. Stationery Office, 1933 and 1939. 

2S. B. Nicholson and Myrtle L. Richmond, 4./., 48, 129, 1939; 49, 9, 1940; 50, 163, 1943. 
34.J., 49, 9, 1940; 50, 163, 1943. 
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The jovicentric path of J LX is plotted in Figure 1, projected on the plane in which the 
satellite was moving on September 28.0, 1940. The inclination of this plane to that of the 
earth’s equator was 23° 39’, and the longitude of the ascending node was 129°54’, the 
satellite’s motion being retrograde. In July, 1938, the satellite was 0.007 astronomical 
unit south of the orbital plane of September 28.0, 1940, and in August, 1944, it will be 
0.014 north of that plane. 


TABLE 1 
OBSERVATIONS OF J IX 











% ss q 
O-C 
U.T. | Licut-TIME a (1950.0) | 6 (1950.0) ens ee ae 
| | ie 3] Ab 
1938 | day | | | | 
July 30.4653 0.0241 333° 48’ 86 | — 11°36’ 4670 +0"5 —1"6 
July 31.3014 .0240 333 42 10.6 | —11 38 50.4 —0.5 —0.8 
Aug. 1.4444 .0240 333 33 54.6 | —11 41 41.9 —0.2 +1.0 
Aug. 24.3799 .0238 330 25 59.6 —12 46 35.0 —1.4 +1.8 
Aug. 25.2403 .0238 330 18 34.0 —12 49 8.6 —2.3 0.0 
Oct. 21.1354 .0266 324 57 0.9 —14 36 13.0 +1.8 +1.0 
Oct. 22.1285 .0267 324 56 17.4 —14 36 30.3 +2.1 +0.7 
1939 
July 16.4363 .0257 9 39 14.6 +144 3.0 —0.6 —0.5 
Oct. 8.3269 .0222 5 15 28.2 — 0 40 26.1 —0.6 +2.7 
Dec. 15.1181 .0267 2 34 34.5 — 1 13 33.7 —1.2 +1.2 
Dec. 16.1181 .0268 2 38 9.0 — 1 11 19.1 r2 +2.9 
1940 
Sept. 9.3876 .0258 42 50 7.0 +15 29 39.8 —0.9 —0.7 
Sept. 28.3965 .0244 41 38 20.4 +15 9 19.6 +0.6 +0.4 
Nov. 1.2812 .0231 37 28 5.0 +13 50 39.9 —0.2 —0.2 
1941 
Nov. 26.4198 .0243 79 51 16.5 +21 34 5.2 —0.9 +1.3 
1942 
Feb. 17.1644 .0283 d2 4 SBS +21 26 14.6 —0.5 —1.2 
Feb. 18.2326 .0284 72 3 14.9 +21 26 59.9 —1.1 —0.1 
Nov. 8.4549 .0270 116 26 3.6 +2151 1.4 +0.5 —0.9 
Nov. 9.4521 .0270 116 27 42.8 +21 50 57.4 +0.5 —1.1 
1943 
Jan. 6.2815 .0238 192: 54° 7:2 +22 25 58.7 +0.4 —0.1 
Apr. 3.2271 .0288 108 53 24.0 +22 32 27.0 +1.0 +0.3 
Apr. 4.1991 0.0289 108 58 18.9 +22 31 37.5 +2.6 +1.5 














The variations in the ordinary elliptical orbital elements are shown in Figure 2. The 
elements for the interval from 1914 to 1918 were computed from unpublished co-ordi- 
nates representing the observations in that interval. Accurate co-ordinates of J [X have 
not been computed for the years between 1919 and 1938. The semimajor axis ranged from 
0.151 to 0.168 astronomical unit, with a mean value of 0.1585. If Jupiter’s attraction 
alone is used, the period computed for a semimajor axis of 0.1585 astronomical unit is 
745.9 days; the observed mean period is 758 days. The eccentricity ranged from 0.103 to 
0.415, its average value being 0.23 from 1914 to 1918 and 0.32 from 1938 to 1944. The 
mean eccentricity is probably about 0.275. The inclination of the orbit to the ecliptic 
varied rather irregularly from a minimum value of 152.5° in 1917 to a maximum of 161.2° 
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he in 1941, with a mean value of about 157°. The changes in eccentricity and inclination 

he from 1917 to 1941 are not secular and may be due to felatively short-period variations. 

he The longitude of the node, Q, increased from 310° in 1915 to 79° in 1944—a secular pro- 

_ gression of about +4.44° per year. It may be expressed approximately by the equation 
e 


2 = 61°+4.44° (¢-1940), 


which is plotted as straight lines in Figure 2 (Q). The longitude of perijove, +, varied 
from 280° to 349°, with mean values of 301° and 319° in 1916 and 1941, respectively. The 


TABLE 2 
a= EQUATORIAL CO-ORDINATES OF J IX (1950.0) 
(Astronomical Units) 











Ur. x y 2 
1938 
July 21.0 +0.1257849 | +0.0432244 | +0.0466553 
July 31.0 + .1270190 “| + 0284178 | + .0446225 
Aug. 10.0 + .1268928 | + .0132709 | + .0420833 
Aug. 20.0 | + .1253119 | — .0020616 | + .0390309 
Aug. 30.0 + .1221956 | — .0173980 | + .0354682 
Sept. 9.0 + .1174848 | — .0325301 | + .0314099 
Sept. 19.0 + .1111507 | — .0472272 | + .0268850 
Sept. 29.0 + .1032033 | — .0612430 + .0219383 
Oct. 9.0 + .0936977 | — .0743264 | + .0166308 
Oct. 19.0 + .0827379 — .0862345 | + .0110385 
Oct. 29.0 + .0704756 | — .0967471 | + .0052494 
1940 
Aug. 19.0 + .1084655 | + .0512884 {| + .0507373 
Aug. 29.0 + .1111840) | + .0355433 | + .0472814 
Sept. 8.0 + .1123735 | + .0193356 | + .0431648 
Sept. 18.0 + .1118503 | + .0028682 | + .0383837 
Sept. 28.0 + .1094518 | — .0136062 | + .0329561 
Oct. 8.0 + .1050540 |  — .0297877 | + .0269266 
Oct. 18.0 + .0985916 | — .0453399 + .0203704 
Oct. 28.0 + .0900744 {| — .0599073 | + .0133933 
Nov. 7.0 + .0795987 | — .0731407 | + .0061290 
Nov. 17.0 + .0673485 | — .0847263 | — .0012695 
Nov. 27.0 + .0535856 | — .0944114 | — .0086400 
1944 
Mar. 1.0 — .0793209 | + .1698362 | + .0272260 
Mar. 11.0 | — .0695858 | + .1724022 + .0320523 
Mar. 21.0 — .0596149 | + .1742574 | + .0367591 
Mar. 31.0 — .0494460 | + .1753809 + .0413223 
- Apr. 10.0 | — .0391182 | + .1757528 + .0457174 
Apr. 20.0 | — .0286716 | + .1753550 + .0499198 
1€ Apr. 30.0 | — .0181478 | + .1741707 | + .0539044 
i- May 10.0 | — .0075900 | + .1721845 + .0576456 
re May 20.0 | + .0029568 + .1693830 + .0611172 
May 30.0 + .0134457 + .1657543 + .0642929 
mn June 9.0 | +0.0238274 +0. 1612885 +0.0671454 
in 
is 
. variations of 7 are so irregular that the indicated change of +0.7° per year may not be 
. secular. If it is secular, the longitude of perijove may be expressed approximately by the 
6 equation 
; nw = 318°+0.7° (¢—1940). 
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SCALE IN ASTRONOMICAL UNITS 


Fic. 1.—The path of Jupiter’s ninth satellite projected on the orbital plane of September 28.0, 1940. 
The heavy lines indicate the part of the orbit in which the satellite was observed. The direction to the 


earth at each opposition is indicated. 
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Fic. 2.—Orbital elements plotted against time. The letters, J, A, S, and P, on the plots of (a) and (e) 


indicate the times of inferior conjunction with the sun, apijove, 


tively. 
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superior conjunction, and perijove, respec- 
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The differences between the time when the mean anomaly, M, equals zero and the time 
of perijove, 7, calculated from the mean anomaly and the mean motion at each date are 


plotted in Figure 2 (7). 


TABLE 3 
MEAN ELEMENTS 
7 = January 0, 1943 +75 days e = 0.275 + 0.15 
w = 103° + 3.7° (t — 1940) + 24° a = 0.1585 + 0.008 astronomical unit 
Q= 61° + 4.44° (¢ — 1940) + 7° P = 758 + 25 days 
¢ = 157 + 5° 


The mean elements listed in Table 3 with their approximate ranges are probably of no 
physical significance but serve to describe the orbit roughly with the usual constants. 


I am greatly indebted to Miss Myrtle L. Richmond for much of the numerical com- 
putation from which the results were derived. 
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THE SPECTROGRAPHIC ORBIT AND LIGHT-VARIATIONS 
OF 7 GEMINORUM 


DEAN B. MCLAUGHLIN AND SUZANNE E. A. VAN D1jKE! 
Observatory of the University of Michigan 
Received A pril 8, 1944 


ABSTRACT 


A series of 144 one-prism Michigan spectrograms, taken between 1930 and 1941, and 15 earlier veloci- 
ties from other observatories give the orbital elements: P = 2983 days; y = +17.6 km/sec; K = 8.8 
km/sec; e = 0.53; w = 168°; and T = JD 2426570. 

From 1928 to 1941 the light-variation was semiregular, with a period of 234 days and a range from 
3.1 to 3.9 mag., though very few minima were fainter than 3.5. Irregular velocity variations are prob- 
ably associated with the light-changes. Two of the deepest minima coincide with possible eclipse dates, 
but the evidence is inconclusive. 


The well-known red variable » Geminorum? was placed on the Michigan spectro- 
graphic program in 1930, as one of a list of class-M variables of small range. Originally, 
the purpose was to investigate the relations of light- and velocity-curves of semiregular 
variables as a class. The star » Geminorum offered some hope of success, since it was 
known to have a variable radial velocity. 

The supposed period of light-variation was 233 days. The spectrographic observa- 
tions of the first two seasons failed to show any correlation of velocity with such a period, 
though the light-curve did exhibit a cycle of about that length. Instead, the spectro- 
grams in 1930-1931 showed a steady decline of velocity from +22 to +5 km/sec. The 
velocity remained near the latter value until February, 1932, and then began to increase. 
A deep minimum of light occurred early in 1931, about the middle of the decline of veloc- 
ity. Accordingly, it was suspected that » Geminorum might be the long-sought giant 
eclipsing variable of class M. Another light-minimum in December, 1932, after an appar- 
ent decrease of velocity, strengthened the suspicion.* However, subsequent observations 
failed to show a further decline of velocity, and the eclipse hypothesis was abandoned. 

A few years later, Christie,‘ on the basis of a small number of velocities, published the 
following orbital elements: 


P = 1875 days 

y = +18.2 km/sec 
K= 5.3 km/sec 
e 
w 


The minimum velocity these elements would permit was +13 km/sec, as contrasted 
with a well-determined value of +5 km/sec from the mean of 18 Michigan plates at the 
minimum in 1931. 

All the available observations of radial velocity are listed in Table 1. Besides 144 


1 Mr. McLaughlin is on leave from the University of Michigan, with temporary address at Harvard 
Observatory, Cambridge, Massachusetts. Miss Van Dijke is currently at Mount Wilson Observatory. 


2 HD 42995: 1900; a = 6508™8; 6 = +22°32’; spectrum Ma (M3). 
3 McLaughlin, Pub. A.A.S., 7, 178, 1933. 
‘Ap. J., 83, 434, 1936. 
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Michigan observations, there are 11 from the Lick Observatory,’ 2 from the Cape Ob- 
servatory,® and 2 from Victoria’—-a total of 159. 

The Michigan spectrograms were taken with the one-prism spectrograph and have a 
dispersion of 40 A/mm at Hy. All of these prior to JD 7774, were measured by McLaugh- 
lin. All later plates were measured by Miss Van Dijke, who also measured several of the 
earlier ones, in order to test for systematic differences between the two measurers. No sig- 
nificant discordances were found. 

Throughout the measures a uniform set of comparison and star lines was used, except 
for the omission of a few lines in the violet region on underexposed spectrograms. The 
residuals of the individual lines were examined on the first 20 plates; and all lines that 
showed appreciable systematic deviations from the mean were assigned corrected stand- 
ard positions, which brought them into agreement. Care was taken to see that the lines 
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Fic. 1.—Individual observations of radial velocity and apparent magnitude (visual) of 7 Geminorum 
from 1928 to 1942. Open circles are Michigan velocities; crossed circles, Lick Observatory velocities; 
barred circles, Cape Observatory velocities; circled dots, Victoria velocities. 


at the violet end were homogeneous with the rest of the set, so that their inclusion or 
omission would not introduce spurious scatter. 

The Michigan velocities are plotted against date of observation in Figure 1. Upon this 
plot are superimposed the earlier velocities from other observatories, brought up to the 
cycle of 1931-1939 by application of the final adopted period. From 1930 to 1933 there 
was a nearly symmetrical decline and increase of velocity, and from 1933 to 1938 there 
was a broad flat maximum with superimposed fluctuations. A smaller number of observa- 
tions in 1939 and 1940 shows that another minimum of the same shape as the first oc- 
curred at that time. Fortunately, the Lick observations from earlier cycles outline a part 
of the increase of velocity and fix the minimum well enough to permit improvement of 
the period. The value finally adopted is 2983 days. Phases expressed in thousandths 
of this period and reckoned from an arbitrary origin are given in the second column of 
Table 1. 


5 Pub. Lick Obs., 16, 87, 1928. 


6 Cape Ann., 10, Part 8, 158, 1928. Three observations are tabulated; but one, at +41.1 km/sec, has 
been excluded as probably in error, since it falls far outside the range of all other values. 


7 Pub. Dom. Ap. Obs., 6, 167, 1933. 









































TABLE 1 
RADIAL VELOCITIES OF 7 GEMINORUM 
| | 

ae . - Velocity — | ‘i Velocity poy 
) ase : a Oo- D ase . —C) 

zh- (Km/Sec) | (Km/Sec) | ' (Km/Sec) | (xm/Sec) 
ra 2415035.74*...| 0.592 | 415.4 | 41.1  ||2426636.90....| 0.481 | +43.5 —1.1 
18 5041.86....| .594 14.6 | +402 6646.88....| 485 5.3 | +0.4 
5672.06.... .806 ZY +1.4 6653.94... | 487 4.3 —0.7 

pt 5695.92.... .814 19.9 —0.5 6667 .96.... .492 6.3 +0.9 
he 5723.82....| 823 22.4 +1.9 6678.88....| .496 3.1 —2.7 
vat 5783.77... .| 843 24.3 +3.0 6687.97... .| .499 6.2 +0.1 
9731.85... .| .167 22.9 +1.5 6693.83... .| .500 4.5 —1.7 
id- aeded 6724.66....| 511 in oe eee 
1es 2420175.77....| — .316 19.4 +1.0 6734.66....,  .514 7.1 —0.6 
0909.66..../ .562 13.2 | +0.9 6743.75....|  .517 4.5 ial 
1268.79... .682 20.5 +2.5 6758.70... .| 522 15.7§ $7.2 
1287.76.... .688 19.1 +0.9 6760.74....| 523 6.9 2a 

6778.65... .| .529 2:2 —7.0 

eS _ a he 6789.68....| 533 4.6 | —5.0 
“ey ; j : 6801.66.... 5a 9.5 —0.5 

2422700.80{... . 162 21.0 —0.4 6814.59... .| 541 7.8 —2.6 
3057 .89t... . 282 19.0 —0.6 6820.56.... 543 10.5 —0.1 
6211.93.... .339 22.7 +53 68360: 55... .546 11.2 +0.3 

6236.92.... 347 18.1 +1.2 6933.91......<| .580 21.4 +7.8 
6250.94.... .352 17.4 +0.6 6979.88... .| .596 15.2 +0.7 
6254.85.... .353 16.2 —0.2 6988.88... .| .599 16.2 +1.5 
6261.93.... .356 15.5 —0.9 7002.97... .| .604 20.7 +5.7 

6271.98.... .359 13.5 —2.5 7008.91... .| .606 17.5 +2.4 

6274.80.... .360 19.5 +3.5 7014.55. ..5 «1 .608 16.2 +1.0 
6280.95.... .362 11.9 —4.0 7016.95... .| .608 14.3 —0.9 
6287 .87.... .364 14.5 —1.3 7031.74... .| .613 16.6 +1.1 

6294.74... .| .367 15.6 +0.1 7036.86... .615 20.6 +5.0 

6298.89... .| .368 11.8 —3.6 7042.76... .| .617 19.0 +3.4 

6307.90... .| 371 12.7 —2.4 7055.78... .| 621 16.7 +0.9 
6312.95.... .373 14.6 —0.3 | 7086.80....| .632 16.4 +0.1 
6327.79... .378 18.0 +3.5 | 7102: GE...) 638 18.2 +1.7 
6334.81... . .380 14.7 +0.3 | 7108.78... .| .640 17.1 +0.5 

6341.89.... .382 12.3 —1.8 FEES tae cc 643 11.1 —5.6 
- 6343 .83.... .383 13.7 —0.3 | Cine. Ge: .. 645 17.1 +0.3 
ee: 6348.74....| 385 13.3 | -0.5 7132.60....| 648 18.4 | 41.5 
: 6364.74.... .390 12.6 —0.8 (jt. Se .653 iSz7 —3.3 
6373.81.... 393 9.3 —3.7 7158.59... .| .656 18.3 +1.1 

6377.77... .| .395 11.5 —1.3 7166:62.......! .659 19.7 +2.4 
or 6383.65... . .396 10.0 —2.6 FIBA y et. & 0 .665 12.4 —5.1 
6387 .74.... .398 13.4 +1.0 1345.87. .....] .719 23.6 +4.7 
. 6397.75... .401 14.3 +2.3 7397. SO...) .723 23.5 +4.5 
us 6406.70.... .404 11.3 —0.3 7368.81... .| tae 23.4 +4.4 
he 6413.65.... .407 12.3 +1.0 | 4316. 16..: .. .730 24.1 +5.0 
re 6423 .60.... .410 10.6 —0.3 7392.78... .} ay 19.7 +0.5 
ae 6436.67....) 414 9.5 | -0.9 7407.69....|  .740 19.0 | —0.3 
‘ 6442 .60.... .416 8.2 —2.0 7428.69... .| 747 18.2 —1.2 
a- 6446.62....| .418 8.4 —1.4 7457.76....| .757 17.8 —1.8 
C- 6450.60... . .419 9.5 —0.2 7480.79... .| . 764 13.0 —6.8 
rt 6455.64... .421 4.6 —4.9 yf). ORY 7 ae . 766 16.9 —2.9 
of 6567.91.... .458 ripe +2.7 || 7503 60... .| 4an 16.0 —3.9 
h 6575.92... .461 4.2 +2.9 7508.71... .| .774 20.4 +0.5 
. 6580.92....| .463 3.3 —1.0 7516.61....| .776 17.8 —2.2 
of 6588.90... . .465 3.4 —0.8 7699.85... .| 838 20.0 —0.7 
6602 .86.... .470 7.9 +3.7 7706.82... .| 840 24.7 +4.0 
6613.88.... .474 5.7 +1.4 (ii tS. ee 843 18.7 —2.1 

6616.85.... 475 4.4 +0.1 7722.79... .| 846 24.2 —3.4 

- 6631.89....| 0.480 6.3 +1.7 ee 0.848 +21.7 +0.9 
* Lick Observatory. t Cape Observatory. t Victoria, Dominion Astrophysical Observatory. § Half-weight. 
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TABLE 1—Continued . 





Velocity Residuals Velocity Residuals 
D Phase iain hy O-C) D Phase er Oo-C 
J Iuataie | (Km/Sec) J (Km/Sec) (Km/Sec) 
2427736.80....| 0.850 | +20.7 | —0.1 | 2428084.61....| 0.268 | +21.2 | +1.2 
7756.77....|  .857 205 | -04 | 9009.60....) .277 | 4198 | 40.1 
7774.70...) .863 | 13.7 | —7.2 G019.58....| 280 | 423.2 | +3.6 
7786.89....| .867 | 20.6 | -0.4 9166.90..... .330 | 416.9 | -0.9 
7804.60..... 873 | 209 | —0.1 9197.88....| .340 | +17.5 | +40.2 
7818.73....| .878 | 15.4 | —5.7 9224.76....| .349 | +17.8 | +1.0 
7826.71....| ..880 | 20.7 | —0.4 9248.93....| 357 | +15.0 | 1.2 
7836.80....|  .884 | 16.1 | —5.0 9308.65....| 377 | 414.5 | -0.1 
7870.69....| .895 | 18.9 | —2.3 9344.57....| .389 | +163 | +2.9 
7885.69....| .900 | 14.2 | —7.0 9351.72....| 392 | +8.7§| -4.5 
7899.62....| .905 | 25.1 | +3.8 9537.88....| 454 | +31 | —1.9 
7917.60....) 911 | 20.2 | —1.1 9579.81....| 468 | —04 | 4.6 
8267.60....| .028 | 22.4 | +40.6 9663.67....| 496 | +45 | -1.3 
8443.91..... 087 | 22.3 | +40.5 9675.65... .| 500 | +5.9 | -0.3 
8483.96...., .101 | 27.5 | +5.8 9928.87....| 585 | +84 | —5.5 
8503.75....| 107 | 21.1 | -0.6 9978.74....| 602 | +15.7 | +0.9 
8517.91....| 112 | 18.8 | —2.9 | 
8539.74....| 119 | 22.4 | +40.7 |2430006.70....) 611 | 415.1 | —0.2 
8571.56...., 130 | 19.1 | -2.5 || 0020.76...) 616 | 418.3 | +2.7 
8590.64....| 136 | 16.0 | 5.6 0054.70....| 627 | +18.8 | 42.7 
8620.64....| .146 | 17.3 | —4.3 0062.64...., 630 | 415.4 | —0.8 
8836.98....| .219 | 17.1 | -3.8 0072.68....| 633 | 418.4 | 42.1 
8868.79...., 230 19.5 | —1.2 0076.63... 634 | 414.2 | —2.2 
8954.73....| 0.258 | +23.7 | 43.5 0083.62....| 0.637 | +160 | -0.5 


| 
| 
| 
| 





§ Half-weight. 


All the velocities were combined into 20 normal places, which are listed in Table 2. In 
forming these means, equal weight was given to all velocities except for two Michigan 
plates of low quality, which received half-weight. The velocities from the other observa- 


TABLE 2 


| | 
| Mean Residual | 








| Mean | Residual ‘ 

won | vety | Tove’ | Nest | Mem | vatcty | “one, | Me 

ae | (Km/Sec) | (Km/Sec) pe = | (Km/Sec) | (Km/Sec) vias 
eM... ....: | 22.4 40.6 2 10.838........ 7.6 | eS as ge 
ae | 21.0 —0.6 10 562 | 13.2 +10 | 1 
i... 20.6 +0.3 8 591 |. 3 +10 | 6 
jE 18.7 ‘+t,2 6 611. 17.3 +2.0 i! 
Rte as 14.8 —1.0 12 637. | 16.4 hi it 
ee ; 13k t,3 13 667. | eS =~%.2 6 
| Seeger! 99 =f? 9 | .731. | 21.6 42.4 7 
oe 45 +0.2 9 ed 17.0 aie 6 
eae 5.0 —0.4 10 ||: 855 20.0 ~0.9 19 
Cat.......: 7.9 -~0.1 5 0.908 | 22.6 +1.3 2 

I 























tories are individually more accurate than those measured on the Michigan plates; but, 
because of the possibility of systematic differences and some remaining uncertainty in 
the period (and hence in the phases of the older observations), it appeared advisable to 
give them only the same weight as Michigan velocities. 








n GEMINORUM 67 


A solution by the method of Lehmann-Filhés yielded the following orbital elements: 


P = 2983 days 

y = +17.6 km/sec 

K= 8.8 km/sec 

e= 0.53 

w= 168° 

T = Phase 0.459 = JD 2426570 
a sin i = 306,000,000 km 


Figure 2 is a plot of the normal places and of the velocity-curve computed from the above 
elements. The largest deviations from the curve are due to fairly accordant groups of 
plates, a fact which suggests the existence of some variation of velocity in addition to 


KMBEC. 
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Fic. 2.—Velocity-curve and plot of normal velocities of 7 Geminorum. Numerals beside each dot in- 
dicate the number of observations combined into the means. Abscissae are phases in decimals of the 
period (2983 days). 


that due to orbital motion. The last columns of Tables 1 and 2 contain the residuals of the 
individual observations and normals, respectively, from the computed curve. In view of 
the rather large scatter (probably due to secondary variations) a least-squares solution 
does not appear to be essential. The entire curve should be observed with higher disper- 
sion. 

The value of a sin 7 suggests that it may be possible to determine an astrometric orbit. 
The parallax is 07013; and the apparent semimajor axis of the orbit should then be about 
07026, at least. If the mass ratio of brighter to fainter star is 2, the stars should be at 
least 0712 apart at greatest elongation. 

From 1928 to 1942 McLaughlin made 704 visual estimates of 7 Geminorum. These are 
plotted at the bottom of Figure 1. A well-marked variation in a period of about 234 days 
is evident. In most cycles the range is less than 0.5 mag. At maximum the star is com- 
monly about 3.2 mag.; at minimum it is sometimes as bright as 3.4; and on one occasion 
only was it fainter than 3.8 mag. 
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Table 3 gives dates and magnitudes of all the minima that could be even roughly de- 
termined. Even the best (usually the deepest) are in doubt by several days. Residuals in 
the third column were computed from the formula 


Min. = JD 2425634+234E, 


which was determined from these observations. The maxima are usually so broad and 
flat that only vague determinations of their dates could be made. 

The individual velocities from 1932 to 1938 show apparent systematic variations with 
a range of about 10 km/sec. An examination of these fluctuations in connection with the 
light-variations failed to reveal any correlation. Nevertheless, it appears likely that they 
are real. Their average deviation from thecurve considerably exceeds that to be expected 
from measures of such a well-defined spectrum, and successive plates tend to depart in 
the same direction or to show a distinct trend. In contrast, the residuals of the plates 
taken in 1930 and 1931 are decidedly smaller and are typical of the results that can be 
obtained from one-prism spectra when care is taken to use uniform sets of lines. 


TABLE 3 


LIGHT-MINIMA OF » GEMINORUM 


| y io 








. | Eclipse || ; Eclipse 
JD O-C i JD | O-C sk 
2400000+ | Mas (Days) pee | 2400000+ | Mas. (Days) | bis 
(Days) | | (Days) 
25,620... 3.6 —14 FGA RI FES a 0 3.5 | a eee 
26,370... 3.7 +34 —3 28,940........ . a a oe ape ee 
26, 828:.. 3.4 an eee) eee 3.9 —14 | 48 
27,037... 3.6 — 1 | UCC lee 3.7 rs a pena 
27, 483:. _— * 3: |... ..130,069........ SF A MBE. feesccke 
ae 3.5 —14 |...... a 


An alternative explanation of the fluctuations which must not be ignored is a possible 
blending of the spectrum with that of a secondary star of similar spectral class. The cen- 
ters of the blended lines would be affected not only by the variation of the light of the 
primary star but also by the density of the exposure of the photographic emulsion. But, 
under either hypothesis, it is hard to see why the velocity showed no strong fluctuations 
in 1930 and 1931. 

If 7 Geminorum is an eclipsing binary, mid-eclipse should occur at the middle of the 
descending branch of the velocity-curve, at phase 0.393. The corresponding dates are 
JD 6373 (1931, January 31) and 9356 (1939, April 2). Both of these dates occur close to 
the centers of two of the deepest observed minima in the interval 1928-1942. The corre- 
sponding residuals are entered in the last column of Table 3. The coincidence is too close 
to be dismissed as fortuitous, but it is far from conclusive. Other minima were almost as 
deep—especially two that followed the deep one of 1939. Unfortunately, the middle of 
the next decline of velocity in 1947 will occur almost exactly on the date of conjunction 
with the sun, so that a test of the eclipse hypothesis probably will have to wait until 
1955. At that time, if the 234-day period holds, the predicted eclipse date should occur 
midway between two dates of minima in the 234-day cycle. 

If the deep minima were not eclipses, their occurrence at those dates may be related to 
the fact that the star was nearing periastron. If we assume the 234-day variation to rep- 
resent a pulsation, we may conjecture that increased tidal action near periastron might 
cause an increase of amplitude. This would be consistent with the occurrence of addi- 
tional deep minima after the deep one of 1939. On the other hand, the system is such a 
wide one that the deep minima near periastron may be simply fortuitous. 
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ABSTRACT 


A comparison is made of the structure of the \ 3883 0,0 CN band in the spectra of Comet 1940c 
(Cunningham) and Comet 1942g (Whipple-Fedtké-Tevzadze). Strictly comparable spectrograms ob- 
tained with the same instrument are used. Differences in the structure of the band for the two comets are 
evident from wave-length measurements and on reproductions of the spectra. These differences are dis- 
cussed in terms of the resonance theory of the production of the bands, taking into account the contour 
of the solar spectrum, as suggested by Swings. The effects of the different heliocentric distances and of the 
radial velocities of the comets with respect to the sun are noted. Taking into consideration these factors 
and the resolution used in obtaining the plates, the variations in band structures are considered as ade- 
quately explained. 


The problems associated with the rotational structure and the intensity distribution 
within individual molecular emission bands in the spectra of comets have been consid- 
ered by a number of investigators in recent years.''*. No real success in accounting for 
the irregularities in the band profiles, particularly in the well-observed CN bands, was at- 
tained before 1941. At that time Swings, assuming the bands to arise as a result of pure 
resonance, pointed out the importance of taking account of the irregular intensity con- 
tour of the exciting solar radiation. Subsequent work*-” has strongly substantiated the 
ideas advanced by Swings. It therefore appears that not only has a satisfactory explana- 
tion of the unusual band profiles been achieved, but also the dominant role of resonance 
in the production of the emission bands has been demonstrated. 

As a contribution to this subject it has been thought instructive and worth while to 
present a direct comparison of the structure of the \ 3883 0,0 CN band in the spectra of 
Comet 1940c (Cunningham) and Comet 1942g (Whipple-Fedtké-Tevzadze). Perhaps the 
first such comparison was that made nearly thirty years ago by V. M. Slipher'4 for Com- 
ets 1914b (Zlatinsky) and 1915a (Mellish). Unfortunately, at that time lack of knowledge 
of the origin of band spectra in general and of cometary bands in particular made impos- 
sible the proper interpretation of the evident differences in the bands. Even Adel’s redis- 


* At present on leave of absence from the Dominion Astrophysical Observatory. 

! Bobrovnikoff, Pub. A.S.P., 42, 309, 1930, and 43, 61, 1931; Pub. Lick Obs., 17, 121, 1930. 
2 Adel, Pub. A.S.P., 49, 254 and 276, 1937. 

3 Swings and Nicolet, Ap. J., 88, 173, 1938. 

4 Dufay, C.R., 206, 1948, 1938. 

5 Wurm, Ap. J., 89, 312, 1939; Zs. f. Ap., 15, 115, 1938. 

5 McKellar, Pub. A.S.P., 52, 283, 1940. 

7 Swings, Elvey, and Babcock, Ap. J., 94, 320, 1941. 

8 Swings, Lick Obs. Bull., 19, 131, 1941. 


® McKellar, Rev. Mod. Phys., 14, 179, 1942. 12 McKellar, Ap. J., 99, 162, 1944. 
10 McKellar, Ap. J., 98, 1, 1943. 13 Bobrovnikoff, Ap. J., 99, 173, 1944. 
'! Swings, M.NV., 103, 86, 1943. '4 Bull. Lowell Obs., 2, 67, 1914, and 2, 151, 1916. 
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cussion’ of Slipher’s material in 1937 was not productive of significant results, although 
it did stimulate interest in the problem. 

When observed at Victoria, Comets 1940c and 1942g differed considerably in helio- 
centric distance and in radial velocity with respect to the sun, both of which are factors 
having a bearing on the band profiles. The plates of these comets were obtained with the 
same spectrograph and, in a number of cases, with the same slit-width. Data concerning 
the spectrograms are given in footnotes 9 and 12. While wave-length measurements on 
the A 3883 CN band in the spectrum of Comet 1940c have been published by Swings, El- 
vey, and Babcock’ and by Bobrovnikoff'* and on this band for numerous other camets 
by various investigators, it was considered best for the comparison to use only the Vic- 
toria measurements. Having been obtained with one instrument and measured by one 
person, they are homogeneous in all important respects. The significance of this point in 
the present case is considerable, since the separation between adjacent lines in the R 
branch of the CNV band (~ 0.6-0.8 A) is of the same order as the spectral purity used. 
Hence a small change in projected slit-width can and does have a marked effect on the 
resolution of band structure. Incidentally, in view of the relatively wide slits generally 
employed in obtaining cometary spectrograms, it has become customary to describe 
the spectrographic conditions by the width at the photographic plate of a monochro- 
matic image of the slit and to use for such a description the term ‘“‘spectral purity.”’ This 
procedure assumes that lines have rectangular profiles and so is only an approximation 
to the classical spectral purity defined by Schuster, which quite properly to. «ccount 
of diffraction. In the latter case the focal ratio and the aperture of the collimator, among 
other factors, must be considered. “Spectral purity’’ as we have used it serves very well 
to indicate the general order of the resolution to be expected under conditions normally 
employed on cometary spectra. It is a much move s-gnificant and useful quantity than, 
say, the dispersion with no mention of collimator and camera focal lengths, slit-width, 
etc. 

Reproductions of some of the spectrograms measured are shown in Plate IV, A and B. 
The upper and central spectra of Comets 1940c and 1942g, respectively, are strictly com- 
parable. They were obtained under identical spectrographic conditions. The projected 
slit-width was 0.85 A; and, to give full data, the dispersion at \ 3880 was 57 A per milli- 
meter, the slit-width 0.075 mm, the focal length and aperture of the collimator 114 and 
6.3. cm, respectively, and of the camera, 22.8 and 7.6 cm, respectively. The lower repro- 
duction, C, also of Comet 1942g, was taken under conditions similar to those used for B, 
except that the spectrograph slit was narrower, being 0.045 mm. The projected slit-width 
was thus only 0.50 A. The main purpose of including C was to show the resulting increase 
in resolution which is clearly evident, particularly in the nonhead-forming R branch. The 
radial velocities of Comet 1942g with respect to the earth were very closely the same 
when the originals of B and C were obtained. A has been displaced horizontally with refer- 
ence to B and C an amount corresponding to the difference between the radial velocities 
of the two comets with respect to the observer. This is shown by the slight displacement 
of the upper two comparison spectra. The three cometary spectra in Plate IV should 
therefore be in exact alignment. 

The wave-length measurements of the Victoria spectrograms are presented in Tables 
1 and 2. Table 1 gives the detailed measurements of the CN band from seven plates of 
Comet 1940c. These micrometer measurements have not been previously published, al- 
though intensity profiles of this band from these same plates may be found in footnote 9. 
It would seem that the profiles reveal the structure of the R branch somewhat better than 
do the measurements. Table 2 contains a comparison of the wave lengths of the structural 
features of the \ 3883 CN band for the two comets. It is arranged so that the three col- 
umns A, B, and C correspond to the spectra A, B, and C of Plate [V. Column A consists 
simply of the mean wave lengths from Table 1. Columns B and C, for Comet 1942g, were 
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PLATE IV 


COMET 1940c 


~ . 


r=0.54 Ast.U 


COMET 19429 


r = 1.38 Ast. U. 


COMET 19429 


r = 1.40 Ast. U. 





d 3883 0,0 CN BAND IN THE SPECTRA OF Comets 1940¢ AND 1942g¢ 
A) Comet 1940c, as photographed 1941, Jan. 2.086 U.T., r = 0.54 a.u. 
B) Comet 1942g, as photographed 1943, Feb. 24.535 U.T., r = 1.38 a.u. 
C) Comet 1942g, as photographed 1943, Mar. 1.468 U.T., r = 1.40 a.u. 


Projected spectrographic slit-width for A and B equals 0.85 A; for C equals 0.50 A 
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obtained from the detailed wave-length measurements already published.'® The figures 
in column B are the average wave lengths from the plates of Comet 1942g taken Febru- 
ary 24 and 27, 1943, obtained as noted above with slit-width the same as used for Comet 
1940c. They may, therefore, be directly compared with the wave lengths for Comet 1940c 
in column A. Column C, giving the wave lengths for the plates of Comet 1942g obtained 
with the highest spectral purity, has been included, since it corresponds to spectrogram 
C. The identifications are not included here. They are as given in Table 2 of footnote 12. 

Table 3 lists the laboratory wave lengths"* of the lines of the 0,0 \ 3883 CN band, up 
to those involving K’’ = 25. Lines involving higher rotational quantum states are in 
general not of interest in connection with cometary CN emission. Each line is in reality a 
doublet but is resolved only with the very high resolving-powers obtainable in the labora- 


TABLE 1 


STRUCTURE OF THE ) 3883 0, 0 CN BAND SEQUENCE IN THE SPECTRUM OF COMET 
CUNNINGHAM (1940c) 








1 
Dec. Dec. | Dec. Dec. Jan. Jan. Jan. 
9.130, | 11.135, | 13.112, | 16.127, | 1.081, | 2.086, | 3.086, : 
Spectral Feature i940 | 1940'| 1940°| 1940 1941 1941 | 1941 ie a 
r=1.01 | r=0.97 | r=0.093| r=0.87 | r=0.56 | r=0.54 | r=0.52 = 


Ast. Unit rteg Unit} Ast. Unit/Ast. Unit} Ast. Unit Ast. Unit) Ast. Unit 


























Violet edge of emission.......... are Loaceasscputecses Josseeee  atSavigde SOSA TE 335 3858.7 
(3867 .57(2dd) for 
Center of broad emission maximum. | 3866.95 |3868.43 |3868.39 |3868.69 | 3867.29 | 67.85 |....... r=0.54 astr. unit) 
(3868 .12(2dd) for 
r=0.94 astr. unit) 
Narrow minimum of intensity.....) 69.73 |........| 69.43 }.. st «629 GB.97 Joncas 3869.48 
Maximum: of intensity. «2.2... 2 <|ssontae Bsc. ewan eee rete ERS 70.87 70.39 | 69.53 | 3870.26(2—d) 
Deep minimum of intensity....... 72.03 72.13 | ; 72.36 72.51 72.53 | 72.18 | 3872.29 
Sharp maximum of intensity . 73.96 | 73.61 | 73.93 73.52 74.00 73.95 | 73.72 3873 .81(1+) 
Very deep minimum (band origin). . 75.46 | 75.36 | 75.26 75.36 75.01 75.37 | 75.08 | 3875.27 
Sharp maximum of intensity...... 76.75 76.99 | 76.78 76.82 76.67 76.80 | 76.63 3876.78 (5) 
Deep minimum of intensity....... 78.17 | 78.30 78.23 78.30 78.11 78.22 | 78.08 | 3878.20 
Subsidiary maximum of intensity. .|........ eae! REED Neer ties | ARP (79.36 | 3879.38 (4) 
eo i Cea Bere ih RS Od | He Fe Sc cawe 480.03 | 3880.01 
Center of main P branch nt 80.69 80.85 | 80.78 81.02 | | 82.08 82.35 | (82.13 3882.19 (10d) 
} } | (3882.64 for , 
Red edge of band (band head).....| 82.85 | 82.46 | 82.84 | 82.41] 82.91 | 82.97 | 82.86 r=0.94 astr. unit) 
| | (3882.91 for 
| | r=0.54 astr. unit) 








tory. These wave lengths have been given to indicate the closeness of their spacing and 
hence to enable one to appreciate the conditions under which the identifications of emis- 
sion features in cometary CN bands are made. Also they provide the material upon which 
critical examination and judgment of the validity of any such identifications can be 
based. 

The most obvious difference apparent between the CN bands in A and B, both from 
Plate IV and from Table 2, is in the wave-length range covered by the emission. For 
Comet 1940c, both the R and the P branches extend outward from the band origin 
(marked by an arrow head) much farther than for Comet 1942g, and the main maxima of 
intensity in both branches of the band are more distant from the band origin for the for- 
mer comet. This results from a different distribution of molecules among the rotational 
states of CN in the two cases. For Comet 1940c the maxima in the distribution are at 
about K” = 20and K” = 13 for r = 0.54.and r = 0.92, respectively, while states up to 
K"’ = 25 are appreciably populated. For Comet 1942g the maximum of intensity occurs 
about K’’ = 10, and emission occurs out to states corresponding to K’’ = 13. This effect, 
in turn, can be considered a consequence of the different “rotational” temperatures of 


‘5 See footnote 12, Table 2. 
'6 Uhler and Patterson, A p. J., 42, 434, 1915; Jenkins and Wooldridge, Phys. Rev., 53, 137, 1938. 
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TABLE 2 
COMPARISON OF STRUCTURE OF A 3883 CN BAND FOR COMETS 1940c AND 1942g 





























| A | B c 
SrectRal Feature Mean A, Comet 1940c Mean A, Comet 1942g | Mean A, Comet 1942¢ 
(Projected Slit- } (Projected Slit- (Projected Slit- 
Width=0.85 A) Width= 0.85 A) Width=0.5 A) 
Violet edge of emission.......| 3858.7 EAs Pine Se 3866 
Emission line........... AM ahs ree tony Stgtee de Re ere es hee Al Wen eer ha an ovey, & seveesl — -66.48:004-) 
mission line............... ere Nilesh ets SOI ea eee a A, Ae | 66.89 (1s) 
Emission line............ ..| f 67.57 (2dd*) r=0.54)]........ NM Sodurl 67.68 (1+s) 
Emission line............... | | 68.12 (2dd) r=0.94 {|  3868.86(3+dd) | { 68.44 (1+s) 
Narrow minimum of intensity. | 69.48 ee eee eee Bane eis 
Emission line............. 7 70.26 (2—d) a ante | 70.04 (14s) 
Renetion Mee............... ME ROR MES ge wre ..eeeef | 70.71 (18) 
Marked minimum of intensity. | 72.29 | 71.51 71.54 
Emission line............... eee oP eee als Sis cit Rt aoe ets, eae 72.06 (1s) 
Reeion ne.............. DO Seats RRO At. et PE eet: Reba on 5.) me | | 72.47 (14) 
Emission line............... 93°84 (4) 72.94(2—d) | ) 73.47 (1—s) 
No ct N ona R Oks oc ta spa sa 5 er feet Oh pee | | 74.25 (3—) 
Deep minimum (band origin). .| 75.27 | 74.82 | 74.95 
Definite maximum of intensity, 76.78 (5) 77.41 (5d) | 77.30 (4d) 
Marked minimum of intensity | 78.20 78.46 78.52 
Subsidiary maximum of inten-| | 
aE Ee ee See | ORS, Whssnsew nlp teRitins sic mreg daraate coher edereats 
Subsidiary minimum of inten-| 
RN ciltoncthg nutes heen v¥ or 80.01 Prat See NT ae : 80.11 
Center of main P branch maxi-} | 
i OO RIES RE eee ier | 82.19 (10d) | 80.11 (9d) | 80.16 (8d) 
Red edge of band (band head).| { 82.64 forr=0.94| | 81.57 | 81.57 
| | 82.91 forr=0.54f | sa | cieaas 
* “‘d’’ indicates diffuse, and ‘‘dd’’ very diffuse, emission; ‘‘s’’ indicates sharp emission feature. 
TABLE 3 
LABORATORY WAVE LENGTHS OF THE A 3883 CV BAND LINES UP TO K”’=25 
——— ————— —— seen i : = = 
Line r Line ny Line r | Line ny 
i 3853.49 R(11)......} 3866.82 Band origin | P(14).. 81.32 
(ee 54.57 (er 67 .62 i en cs a ae): 81.59 
(ae 55.62 (ee 68.41 ¢) ee 76.31 (16)......) S288 
= 56.66 (eee 69.18 (| ree 76.84 (17).....:1 82.90 
Cee 57.69 ¢) ae 69.92 aye 77.35 it) Re 82.32 
¢) e 58.68 (Re 70.67 Oy oat 77.83 (re 82.52 
(49), ..... 59.67 See aise ‘(See 78 .30 (20)......| 82.70 
(i ae 60.63 Cae 72.06 () ae 78.75 (21).3....1 82.85 
¥ Yt 61.57 Cae 72.74 es 79.19 (22)......4- “82.99 
(ee 62.49 2 ee 73.36 ) eee 79.58 (23)......1 83.10 
a 63.39 Ce 74.00 (10)...... 79.97 a 83.19 
(ae 64.30 R(O)....... 74.61 p.....4 Bae ‘07.9 83.26 
7c! re 65.15 (12)......] 0.67 Band head.| 83.40 
65.99 Ce 81.00 | 
| b 
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the two comets. Spectrogram A was taken when Comet 1940c was at a heliocentric dis- 
tance r = (0.54 astronomical unit, whereas B was obtained when the heliocentric distance 
of Comet 1942g was 1.38 astronomical units. A difference in effective temperature is 
therefore not surprising. To present actual figures, the profile representative of spectro- 
gram A has been found to correspond to a temperature of about 435° K,° while for spec- 
trogram B, the corresponding figure is estimated as about 200° K. These temperatures are 
in fair accord with figures obtained from the equation T = 300 r~*° K (r being the helio- 
centric distance in astronomical units). This expression is readily derivable for ideal 
black bodies in the radiation field of the sun. The general effect noted in this paragraph 
has been mentioned and discussed a number of times recently***!? and may now be 
taken as well established. It alone would seem to be sufficient te account for all the dif- 
ference, already referred to, observed by Slipher between the CN bands in Comets 1914b 
and 1915a. He had photographed these at heliocentric distances of 0.67 and 1.52 astro- 
nomical units, respectively. His spectrograms were not obtained with sufficient spectral 














3850 WAVELENGTH 3855 3860 3865 3870 
CR Le ile a aa as a i als ace es a Nias a ite) ial a ak aes lo 
L os 
| | | | | 
a | \ | \ os 
if 
() t \" N \ | j o¢ 
i 02 
q oo > 
3870 WAVELENGTN 3875 3680 348s 390 = 
ee ee eee ee eee i z 
a 408 
[ | 06 
y 404 
a 402 
4 
- 0-0 








Fic. 1.—Contour of solar spectrum 


purity to reveal the structure shown in Plate IV and discussed in the following para- 
graphs. The variation in extent and general intensity distribution with heliocentric dis- 
tance is observed not only for the bands of different comets as above but also for the same 
comet at different points in its orbit.’ The study of as many cases as possible correspond- 
ing to a large range of heliocentric distances should be carried out, extending the earlier 
work of Dufay.‘ In so doing, there should be taken into account the factors influencing 
detailed fine structure, as discussed below. 

The second main topic concerns the local irregularities of the intensity profile of the 
CN band in the spectra of the two comets. As intimated in the introduction, these irregu- 
larities follow from the uneven intensity contour of the solar spectrum, if the bands are 
considered to be produced by a pure resonance mechanism, sunlight being the exciting 
radiation.*:*"! The contour of the solar spectrum” in the region of \ 3883 is shown in 
Figure 1. It is of assistance in following the present discussion. 

In all three spectrograms of Plate IV the structural features most plainly seen are the 
definite minima at \ 3878 in the P branch and at \ 3872 in the R branch, one on each 


17 See Minnaert, Mulders, and Houtgast, Photometric Atlas of the Solar Spectrum, Utrecht, 1940. 
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side of the band origin. As an example, their raison d’étre may profitably be considered in 
detail. These are the minima discussed by Swings in connection with his original explana- 
tion of the band structure.®* 

In the AA 3883-3860 region the outstanding and most sharply defined absorption fea- 
ture in the solar spectrum is the one at \ 3878.4, made up of two very intense Fe lines at 
d 3878.0 and \ 3878.7. The wider minimum centered at about dA 3872 is also a strong one. 
In a cometary head, CN molecules in the rotational quantum states K” = 5, K” = 6, 
and K”’ = 7 of the ground electronic and vibrational states would be capable of absorb- 
ing solar radiation of wave lengths AX 3877.83, 3878.30, and 3878.75 in the P branch, and 
AA 3869.92, 3870.67, and 3871.37 in the R branch. All of these lie within the above minima 
in the solar spectrum. Such absorption would be the means of populating upper states 
having K’ = 4, K’ = 5, K’ = 6, K’ = 7, and K’ = 8, mainly those with v’ = 0. Then, 
upon the return of the molecules to the normal state, emission such as that observed in 
cometary bands would ensue. It is seen that the lack of solar radiation of the above wave 
lengths would result in an underpopulation of the upper rotational states listed, com- 
pared with those adjacent to them, then to a lack of intensity for the emission lines 
originating from these states, and, finally, to the observed minima of intensity in the 
cometary CN bands. One means of testing the validity of this hypothesis is to examine 
the band structure for two comets having different velocities with respect to the sun. The 
data in Table 2 can be used for this purpose. The mean radial velocity of Comet 1940c 
with respect to the sun over the relevant period of time was — 33 km/sec, while for Comet 
1942g it was +7 km/sec. Thus compared to the case of Comet 1940c, the solar spectrum 
was effectively shifted for Comet 1942g toward longer wave lengths by an amount corre- 
sponding to 40 km/sec or, at \ 3880, by 0.52 A. The observed wave lengths of the minima 
in the CN emission bands should therefore be correspondingly affected. If we assume that 
nearly all the effect is due to the sharp, deep solar line at \ 3878, the minimum in the P 
branch should be shifted 0.52 A to the red and that in the R branch 0.52 A to the violet 
for Comet 1942g relative to 1940c. The actual shifts, from the comparable columns A 
and B of Table 2, are 0.26 A and 0.78 A, in the correct senses, for the two branches. The 
mean value is 0.52 A, which is in excellent agreement with that predicted, even fortui- 
tously so, considering that the band consists of discrete lines close together rather than an 
actual continuum. 

The less apparent minima in the cometary bands could likewise be compared. This 
was done, effectively, in the photometric study of the bands for Comets 1939d and 1940c, 
where quantitative photometric evidence of the validity of this resonance mechanism 
was found.*"! So it appears that differences in detailed structure of the bands in dif- 
ferent comets can be satisfactorily accounted for on the basis of the resonance hypothesis 
of their origin. To demonstrate this fully, a spectrophotometric study of the band or 
bands is necessary, and the following points must be taken into consideration: (1) the 
distribution of molecules among the rotational levels of the normal state (by using a 
Maxwell-Boltzmann distribution at an “effective’’ temperature or by any more suitable 
distribution; indeed, the study may be designed to obtain the distribution from the band 
structure!”) ; (2) the contour of the exciting solar radiation, as shifted by the radial veloc- 
ity of the comet; and (3) the spectral purity used in obtaining the cometary spectrum. 

In his recently published article'® on the spectrum of Comet 1940c, it is unfortunate 
that Bobrovnikoff did not take into consideration the above factors. With projected slit- 
width at \ 3880 equal to 1.46 A, despite his dispersion being relatively great (16.1 
A/mm), it was manifestly impossible to resolve any of the individual CN lines listed in 
Table 3 above. Therefore, in suggesting, as he did, that the identifications given in his 
Table 2 had no significance whatever as identifications of individual band lines, he was 
undoubtedly correct. However, the statement that neither his nor any observational ma- 
terial yet obtained is adequate to settle the matter of the band structure is misleading. On 
the contrary, it seems certain that any structure yet observed in this band (and for at 
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least fifteen comets between 1907 and the present time sufficient resolving-power has 
been used to provide some evidence of structure) can be satisfactorily accounted for on 
the basis of the resonance hypothesis of its origin in combination with the three points 
noted in the previous paragraph. It appears most desirable to apply these methods to the 
study not only of the CN bands but to all cometary emission bands, including the Swan 
system of C2. 

A further point regarding the CN identifications given by Bobrovnikoff requires com- 
ment. He has identified the four emission features measured between \ 3856 and \ 3868 
with the 1,1 CN band, which has its head at \ 3871. This identification, despite the fact 
that it has been given by many investigators of cometary spectra over the last thirty or 
forty years, is almost certainly erroneous. The 1,1 band must be a great many times 
fainter than the 0,0 band in sources at the low excitation temperatures of comets. Even 
at an excitation temperature of 5900° K, it has been measured'* as merely one-half the 
intensity of the 0,0 band. Therefore, only on extremely strongly exposed or overexposed 
cometary spectrograms might the 1,1 band be expected to occur with sufficient strength 
to be detected. Actually, the emissions measured in the \\ 3855-3874 region are normally 
due to the R branch of the 0,0 CN band. If the P branch is present between \ 3875 and 
\ 3883, the R branch of this same band simply must appear. As shown on the intensity 
profiles of this region for Comets 1939d and 1940c,° obtained from spectrograms as 
strong as those of Plate IV, there-is no evidence of the 1, 1 band. All the emission over 
the AA 3855-3874 region is fully accounted for by the R branch of the A 3883 0,0 CN 


band. 


18 Ornstein and Brinkman, Kon. Akad. v. Wetensch. Amsterdam, 34, 33, 1931. 
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ABSTRACT 


In this paper a new method is described for solving the varios problems of radiative transfer in the 
theory of stellar atmospheres. The basic idea consists in expressing the integral (proportional to the 
density of radiation) which occurs in the equation of transfer as a sum according to Gauss’s formula for 
numerical quadratures and replacing the integrodifferential equation by a system of linear equations. 
General solutions of this linear system can readily be written down, and this enables one to obtain solu- 
tions for the various problems to any desired degree of accuracy. 

The method has been applied in detail to the problem considered in the earlier paper, and the first 
four approximations explicitly found. The corresponding laws of darkening have aiso been determined. 
An interesting by-product of the investigation is a new and entirely elementary proof of the exact Hopf- 
Bronstein relation, giving the boundary temperature in terms of the effective temperature. 


1. Introduction.—In an earlier paper! it was shown how successively higher approxi- 
mations to the solution of the equation of transfer 


+1 
ee ihe Idu (1) 
dt —] 


can be obtained by expanding / in terms of spherical harmonics in the form 


bo 
— 


I(r, uw) = Doi 7) ilu). 
1=0 


More recently an important investigation by G. C. Wick” has come to the author’s no- 
tice in which an alternative method for solving equations similar to (1) has been devel- 
oped. It is the object of this paper to describe Wick’s method in its astrophysical context 
and to show its particular adaptability for solving the standard problems of radiative 
transfer in the theory of stellar atmospheres. 

2. The outline of the method.—Wick’s basic idea consists in expressing the integral on 
the right-hand side of equation (1) as a sum, using for this purpose Gauss’s formula for 
numerical quadratures.* Thus, denoting by w_n,.... , Mt, Miy- + + +) Mn aNd wy = — ys, 
the 2n real roots of the Legendre polynomial P2,(u) of order 2n, we can write, accord- 


ing to Gauss, 


+1 ua 
Jf 1G, w) dux SS ail (7, 43), a 
” , 


{=—n 


1 Ap. J., 99, 180, 1944. Referred to hereafter as “I.” 

2 Zs. f. Phys., 120, 702, 1943. 

3 See, e.g., P. Frank and R. V. Misses, Differentialgleichungen der Physik, 1, 394, New York, 1943. 
4 Note that the summation on the right-hand side does not include the term j = 0. 
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where the a,’s are certain weight factors. It may be further noted that 
a;=a-;;  wy= —pw-;- (4) 


It is known that for a given number of subdivisions of the interval (—1, +1) Gauss’s 
choice of the points yu; and the weights a; yields the best value for the integral in the sense 
that for any arbitrary polynomial of degree 4n — 1, the formula (3) is exact. In particular, 


n 1 1 a) 
oe m ef a a \s 
2 Ms =fu du= ST: My . 


Accordingly, the representation of the integral as a finite sum of the form (3) can be 
made as accurate as may be desired by choosing » sufficiently large. 
In the ‘‘nth approximation” we therefore replace equation (1) by the linear system of 


ordinary equation of order 2n: 


aj le Bi (gm tl ,.sce Os 
dr 


where, for the sake of brevity, we have written /; for /(7, u;). Further, inequation (6) 
the summation over j is extended over all the positive and negative values. 

3. The general solution of the system of equations (6).—We shall now find the different 
linearly independent solutions of the system (6) and later, by combining these, obtain 


the general solution. 
First, we shall seek a solution of (6) of the form 


I;= gye—* (¢=+1,...., =n), (7) 


where the g,’s and & are constants, for the present unspecified. Introducing equation (7) 
into equation (6), we obtain the relation 


gi(1+uik) = :2ajg;. (8) 
Hence, ; 
“a constant 


(¢=+1,...., £2), (9) 





a ET 


where the ‘“‘constant”’ is independent of 7. Substituting the foregoing form for g; in equa- 
tion (8), we obtain the following equation for k: 


ays 2 10 
os a (10) 
Remembering that a_; = a; and u_; = —w;, we can re-write equation (10) as 
> ee ee (11) 
o4 i = , 


It is thus seen that k? must satisfy an algebraic equation of order n. However, since 


Sa;=1 (12) 


j=! 


(cf. eq. [5]), &? = 0 is a solution of equation (11). Accordingly, equation (10) has only 
2n — 2 distinct roots, which occur in pairs 


t+ ke (awm1,....,#—1). (13) 
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And, corresponding to these 2n — 2 roots, we have 2m — 2 independent solutions of 
equation (6). To complete the solution we notice that equation (6) admits of a solution 


of the form 
T;=6b(7r+4q,) (¢=+1,...., +n), (14) 


where 6 is an arbitrary constant. For, inserting the form (14) for 7; in equation (6), we 
find that 

Mi = i — 22059; 5 (15) 
and this can be satisfied by 

gi=u, +O (gu t+i,...., +n), (16) 


where Q is an arbitrary constant. Thus, the system (6) allows the solution 


, T;= b(r+QO+u,) Got, ...-, te), (87) 
where 6 and Q are two arbitrary constants. 
Thus, combining solutions of the form (7) and (17), we have the general solution 


ee a 


o-) 
= @) SS hee F Mi sical | (18) 





Li +uike 1 — mee 


where b, Lia, (a = 1,....,m— 1), and Q are 2n arbitrary constants. 

4. The solution of equation (1) satisfying the necessary boundary conditions.—For the 
astrophysical case under consideration the boundary conditions are® that none of the 
I ,’s increase exponentially as r — © and that, further, there is no incident radiation on 
the surface t = 0. The first of these conditions implies that in the general solution (18) 
we omit all the terms in exp (+4,7). Thus, 


I= 6) Sees Ftetots) (gm +1,...., te). (19) 


x 


Next the nonexistence of any radiation incident on 7 = 0 requires that 
I_,=0 at 7r=0 and for gel, ..:<, 8, (20) 
or, according to equations (4) and (19), 


n—1l 
pas os +0= 7 eee Pe 
— pike 





These are the m equations which determine the (m — 1) constants Z, and the further 
constant Q. The constant 0 is left arbitrary; and this, as we shall presently show, is re- 
lated to the constant net flux in the atmosphere. 

Now the net flux is defined in terms of F, where 


out 


F=72 Tudu. (22) 
== 
Expressing the integral on the right-hand side as a sum over the J ,y,’s according to 
Gauss’s formula and using the solution (19) for the /;’s, we find 


( = 


' 
=i ee. dens 
F=2b; ee Lae~ter N STE bet Dy aint + +7) dia “a § (23) 
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On the other hand (cf. eq. [5]), 


Lai =} and» Yay, =0. (24) 
Moreover, 
>) _FiBi 1 Da (-75)) 
item & 1+ yika/ | 
(25) 
aa (2-2 "+, -) 
"hi ° tte 
which vanishes according to equation (10). Hence, 
F = 4b =constant ; (26) 


i.e., b is related to the constant net flux, as stated. 
In terms of our solution for the /;’s we can obtain a convenient formula for J defined 


by i 
J=1/) Id = 45a,I; 27 
if ‘ a0 


in our present approximation. We have 
( n—1 


Leet D> —* Sait (+r) Sia}; | (28) 
a : oa 


( a=l i 


or, according to equations (5), (10), (24), and (26), we have 


/ et, 
raur(sto+ Sem), (29) 
a=l 
If we express J in its ‘“‘normal” form (cf. I, eq. {47]), 
J=3F(r+qlIr]), (30) 
we have 
n—l 
q(t) =Q+ Slee". (31) 


a=l1 


Finally, we may note that, according to the solution (29) for J, we have the law of 
darkening (cf. I, eq. [49]): 


n—l 
= 3F » ne 
I (0, w) = ¢F [ +O+ I fa): (32) 
This completes the solution. The clear superiority of our present method over our 
earlier one of expanding J in terms of spherical harmonics is apparent. It is to be particu- 
larly noted that, in contrast to our earlier method, we can now write down the formal 
solution for any order of approximation quite generally. 
5. The first, second, third, and fourth approximations.—We shall now obtain in their 
numerical forms the first four approximations to the solution for J and the corresponding 
laws of darkening. 
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i) The first approximation.—The first approximation is obtained by choosing n = 1, 
in which case 


a,=a-,=1 and M= “ae 5 (33) 
There is no nonzero root for equation (10), and equation (21) now implies that 
1 
) = ia x, 
O= m= 33. (34) 
Accordingly, 
1 
g(r) = V3 (35) 
and 
1 
0, u) =3F oe 
1(0, u) =3F (ut—J3). (36) 


It is remarkable that in the very first approximation our method predicts a boundary 
value for g(r) which is in exact agreement with the Hopf-Bronstein value (cf. I, eq. [73]). 
Actually, as we shall presently show (see § 6 below), this is identically the case in all ap- 
proximations; and, consequently, we have here an essentially new and “elementary” 
proof of the Hopf-Bronstein relation. 

One further remark about this first approximation may be made. The differential 
equations for J; and J_; are 


hy? ea ) 
ee =F AT), | 


1 dl-, 
V3 dr 


(37) 


| 
=1-.-$(+1-1), | 


which are essentially the equations of Schwarzschild’s first approximation.*® However, the 
difference is that on the left-hand sides of the foregoing equations we now have 1/ V3 in- 
stead of the usual 1/2. It is interesting to speculate that, had Schwarzschild used our 
present systematic method, based on Gauss’s formula, he might have discovered the ex- 
act boundary temperature some twenty-five years before Hopf and Bronstein! 

ii) The second approximation.—To obtain the second approximation we have to choose 
for the yu;’s the zeros of Ps(u) and the corresponding weight factors. We have’ 


a, = a—,= 0.652145 hy FTF — f—1 = 0.339981 ah 





(38) 
do = a_-g = 0.347855 ; he = — p—-2 = 0.861136. 
Equation (11) reduces to 
wimsk” = ayyitaous=}. (39) 
Hence, 
1 
k= = 1.972027. 40 
; V3 ime ( ) 
Solving for Q and Ji, we find 
Q=0.694025; L,= —0.116675. , (41) 


6 Cf. E. A. Milne, Handb. d. Ap., 3, No. 1, 114-116, Berlin: Springer, 1930. 
7A. N. Lowan, N. Davids, and A. Levenson, Bull. Amer. Math. Soc., 48, 739, 1942. 
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Accordingly, on this approximation 


q(r) = 0.694025 — 0.116675 ¢—1-972037 
and 





), 75 
I (0, yw) = UF (w+0.694025 — 0.116675 ). 


14+1.97203u 
ili) The third approximation—We now have 
a, = a_,= 0.467914 ; Mi = —u-1= 0.238619 , 
dy = a-. = 0.360762 ; He = — uw. = 0.661209 , 
a3 = a-3 = 0.171324 ; M3 = —w—-3= 0.932470. 
The equation for k? reduces to 
0.02164502k4 —0.254545k?+3=0, 


the positive roots of which are 
k, = 3.202945 and ko =1.225211. 


Solving for Q, Li, and Le, we find 


Q=0.703899, L,=—0.101245, L,= —0.02530. 


Hence, 
g(r) = 0.703899 — 0.101245 e—%-202%r — 0.02530¢e—!.225217 


and 








1 (0, w) =3F (4+ 0.703899 — 0.101245 0.02530 ) 


1+3.20295u 14+1.22521n 


for the yu,’s the roots of Ps(u) and the corresponding weight factors. We have 
a; = a_, = 0.362684 ; My = —p-, = 0.183435 , 
dz = a-. = 0.313707 ; M2 = — we = 0.525532, | 
ee ee 
a,=a-,=0.101229; 4, —p-,= 0.960290. } 
The equation for k? reduces to 
0.00543900k* — 0.1284982k*+ 0.422222k?—4=0, 
the positive roots of which are 
k, = 4.45808; ke=1.59178; k3= 1.10319. 
The constants Q, Li, Le, and Ls were found to be 
Q= 0.706920 ; I, 
L.= —0.036187; Ls 


— 0.083921 ; ) 
0.009461 . J 


Accordingly, 
q (r) =0.70692—0.08392 e—4-45808r— 0.0361 9e—!-59175r— 0.00946 ¢—!.10819r 
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iv) The fourth approximation.—To obtain the fourth approximation we have to choose 
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and 
0.08392 0.03619 0.00946 
6 n)mar 0.70692—— _ — (55 
i a a (ut mn” P-4,45808n 141.591 18, ‘Tiaras om 
In Tables 1 and 2 we have tabulated the functions g(7) and /(0, u)/F according to our 
second, third, and fourth approximations. It is also seen that, in agreement with our 





TABLE 1 


THE FUNCTION g(r) DERIVED ON THE BASIS OF THE SECOND, THIRD, AND 
FOURTH APPROXIMATIONS (EQS. [42], [48], AND [54]) 











q(r) q(r) 
3 | Second | Third Fourth | F Second | Third | Fourth 
Approxi- Approxi- | Approxi- || Approxi- Approxi- | Approxi- 
| mation | mation mation || mation mation | mation 
UC  _—_—e | 0.5774 | 0.5774 0.5774 || 0.90........| 0.6743 | 0.6898 0.6933 
eo, 5883 .5938 | .5974 | .6778 .6924 | 6954 
5 | Sn 5982 | .6080 .6139 Poe 6831 | 6959 | 6987 
6072 | .6202 .6274 LA. 6867 6982 | .7008 
oe .6154 | .6307 .6386 1.6... 6891 | 6997 | .7024 
S.........) 6a 6398 6479 || 1.8...... | 6907 | 7008 | 7035 
| ta .6295 6477 .6557 ZO. 6918 | 7016 | 7044 
a .6355 .6544 .6621 ie Se 6925 | .7021 | .7050 
40. . .6410 .6603 .6676 2... | 6930 | ZS: | .7055 
a... 34 6505 | 6698 .6761 a 6933 | .7028 | .7058 
60. . 6583 | .6770 | .6823 2.8 6936 | .7031 | . 7064 
0... a 6647 .6824 | .6870 S00). s, E 6937 | 7033 | 7065 
a 0.6699 | 0.6866 | 0.6905 || o.... .| 0.6940 | 0.7039 | 0.7069 

| 





TABLE 2 


THE LAWS OF DARKENING GIVEN BY THE SECOND, THIRD 
AND FOURTH APPROXIMATIONS (EQs. [43], [49], AND [55]) 





I(0, u)/F 











bu 
| 
Second | Third Fourth 
Approximation | Approximation Approximation 

Od cosas cna bees 0.4330 0.4330 | 0.4330 
Lh) Se eae = 3 0.5224 0.5285 0.5319 
SS En en” 0.6078 0.6164 0.6205 
ee ho Sd sata oni 0.6905 0.7003 0.7046 
oan ge aR, ce, 0.7716 0.7819 0.7861 
oe eRe 0.8515 0.8620 0.8660 
SNS irihica., sic es 0.9304 0.9410 0.9449 
RE tei. the 42 1.0088 1.0193 1.0231 
Lh See ee 1.0866 1.0970 1.1007 
NP ans, i ates a tea 1.1640 1.1743 1.1779 
i RS A acd 1.2411 1.2513 1.2548 











earlier remarks, g(0) agrees with the exact value 1/V3 in all our approximations. (For a 
proof of this relation see § 6 below.) Moreover, a comparison of the law of darkening on 
our fourth approximation with the exact values given in I, Table 2, indicates that in this 
approximation we have reached an over-all accuracy of about one part in two hundred. 
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6. A proof of the Hopf-Bronstein relation J (0) = (3/4) F.—In the preceding section 
we have verified that g(0) agrees with the Hopf-Bronstein value 1/ V3 in all the four ap- 
proximations we have numerically worked out. We shall now show how this result can 
be demonstrated to be quite generally and rigorously true. In order to do this, we start 
by considering the function 


a—} | m 
S(u) = ——— +0-un. 56 
H »> ke (56) 
According to the boundary conditions (21), 
S (ui) =0 Ga i,\..., 0.489 


This fact enables us to determine S(u) explicitly. For, by multiplying equation (56) by 
the function 


R (yu) = (1 — kim) (1 — kop)... (1 -- Rp), (58) 
we obtain a polynomial of degree m in uw which vanishes for wu = w;,i = 1,...., mn. Ac- 
cordingly, S(u)R(u) cannot differ from the polynomial 

P (wu) = (u— wy) (wu — we)» Cu = Mn) (59) 


by more than a constant factor; and this factor can be determined by comparing the co- 
efficients of the highest power of u (namely, wu”) in P(u) and S(u)R(u). In the former it is 
unity, while in the latter it is 





(—1])*hyhe..s. Bes. (60) 
Hence, P(u) 
eS n m a 8 
S (pn) = (-—1) hiks.-. hems BO (61) 
From equations (31), (56), and (61) we now conclude that 
~ P (0) 
1 (0) = tnt Ore (0) = (1) hika +. na BO (62) 
On the other hand, according to our definitions of the functions P(u) and R(y), 
P (0) =(—1)"pyyo...- Mn j R(0) =1. (63) 
Hence, ; 
q(O) =kyko...- Rp-yMime +--+ Mn - (64) 
We shall now show how the quantity on the right-hand side of equation (64) can be ex- 
plicitly evaluated from the equation for the roots ki,...., Rn1. We have (eq. [11]) 
Ye ee 
1 Dae es (65) 
Multiplying this equation by the product of the factors (1 — k’uj),...., (1 — Ry?), 
we obtain 
n n n \ 
CE ge oes GE so ae a; (> a) kh? + Dd 2k? 
i=l j=1 i=l (66) 


+ Sa,-1=0; | 


+=] 


§ This relation can be used for a direct evaluation of the constants LZ, without going through a routine 
solution of linear equations (21). 
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or, using equation (5), we have 


CF) ee sr, 5 SES. (67) 
Hence the product of the roots kj... . k2_1 is given by 
BRL ANNE stateless (68) 
mh SMTMg ss Hy 
or 
1 
bh. Ae: (69) 
V3 pipe -- ++ Mn 


Combining equations (64) and (69), we have 


1 es 
gq (0) hse (70) 


a result which is thus seen to be true in all orders of approximation. We therefore con- 
clude that equation (70) represents an exact relation. 
Finally, it is to be noted that equations (30) and (70) imply that 


x 


e, (71) 





J (0) =~ 


which is the well-known relation of Hopf and Bronstein. 

7. Further applications of the method.—Our analysis in the preceding sections has dem- 
onstrated the extreme simplicity with which solutions accurate to any desired extent 
can be obtained. But the usefulness of the method is by no means limited to the particu- 
lar problem which has been considered. Indeed, the possible applications of the method 
are so numerous that it would hardly be possible to consider all of them within the limits 
of a single paper. We shall therefore content ourselves with a brief consideration of two 
further standard problems in the theory of radiative transfer, postponing to a later oc- 
casion the more detailed discussion of the various solutions. 

i) The radiative equilibrium of a planetary nebula.*—As was first pointed out by Am- 
barzumian, the equation of transfer for the “ultraviolet” radiation (i.e., radiation beyond 
the head of the Lyman series) consistent with Zanstra’s theory is 

+1 
Pn Idp—itpSe—- , (72) 
d r i —] 
where # is a certain factor less than unity, 7: the optical thickness of the nebula for the 
ultraviolet radiation, and 7S the amount of ultraviolet radiant energy incident on each 
square centimeter of the inner suriace of the nebula (i.e., at 7 = 71). 

Again, in equation (72), we approximate the integral occurring on the right-hand side 
by a sum according to Gauss’s formula for numerical quadratures. And in this manner we 
replace equation (72) by the system of 2m linear equations 


al 
ws dr 


in the mth approximation. We shall now briefly indicate how the general solution of this 
linear system of equations can be obtained. 





=1;,;—4pda;1;—1pSe—"-)_ (i= +1,..... tn), (73) 


9 For earlier discussions of this problem see V. A. Ambarzumian, Pulkovo Obs. Bull., No. 13, and M.N., 
93, 50, 1931; also S. Chandrasekhar, Zs. f. A p., 9, 266, 1935. 
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Setting 
c=S[gpe*+hye~-"-9]  (G=H+1,...., $n) (74) 
in equation (73) (where g;, 4;, and k are constants), we find 
gi(l+kuy,) = }prajg; (75) 
and 
h;A—pi) = 2prajh;+ tp. (76) 
Equation (75) implies that 
constant 
eae j=+1,.... 7 
gi 1 + yuk (i +1, > ta) (77) 


and that & is a root of the equation 


n 


oe , 
=>) (78) 


Since p < 1, the foregoing equation admits of 2m distinct roots, which occur in pairs as 


+k, (am1,....,). (79) 
Considering next equation (76), we observe that 4; must be expressible in the form 
See (ga t+1,...., +2), (80) 

1 —~ Bi 


where 8 is a constant which must, in turn, be so chosen that 





B= 3p82 7 +10. (81) 
Hence, ; 
1 
B= 1p | 
“. Gj (82) 
a Po pai : 
7=1 | 


Accordingly, the general solution of equation (73) can be written in the form 


".p Lee~*e? . L_get*ar pe-(n-7) 
be Ose nag sere | 


1,=S\S ~ : ’ 
| saw (1-9 Se ) | 
7s BM; 


} 


( 
| 








(83) 


where Li,.,a = 1,....,, are 2m constants of integration. For the problem under con- 
sideration the solution (83) becomes determinate when the boundary conditions at 
7 = 7, and at r = O are taken into account. These are 


[,=T-; at T=T) for CD pda ig (84) 
and 
I_,;=0 at r=0 for tS ee (85) 


The conditions (84) arise from the geometry of the problem, as was first pointed out by 
Milne,!° while the conditions (85) arise from the nonexistence of any radiation incident 
on t = 0. The explicit form which these conditions take can be readily written down in 


10 Zs. f. Ap., 1, 98, 1930. 
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terms of the general solution (83). We shall not continue with this discussion further, but 
it is apparent how solutions of any desired degree of accuracy can be obtained in this 


manner. 
ii) The standard case in the theory of the formation of absorption lines—In a standard 
notation" the equation of transfer appropriate for this problem is 


aE. 95: l+en 
‘i 2G aes T#_ 


In the “standard case”’ the ratio 7, of the line to the continuous absorption coefficients is 
assumed to be constant. Suppressing the suffix v and introducing the quantity 


dl, (1 —e) » 


edu ~ (a vot Bvetr) . (86) 








1 | ren ds 
ws 8 
i 1+ <e4) 
we Can re-write equation (86) more conveniently in the form 
yet , = 
at = [J —}$(1—A) Tdu—r(at dt). (88) 
a 


In the mth approximation we replace the foregoing equation by the system of linear equa- 


tions 
ws aT, —$(1—A)Ze;J;—-A (e+) (= +1,...., tn). (89) 


Proceeding as before, we verify that the solution of this system appropriate for the prob- 
lem on hand is 








ae *a! ° 
Ips a Tabet (ib tat bl) G=4t1,...., £m), (90) 
where the &,’s are the 7 positive roots of the equation 
n - 
1=(1-d) (91) 
Tar | — aR 
and the L,’s (a = 1,....,) are the n constants of integration to be determined by the 
boundary conditions 
> re Lae ee 
meta” * (=1, ,m). (92) 


Again solutions to any desired degree of accuracy can be obtained. 

In conclusion, we should further like to point out that the methods developed in this 
paper can readily be applied also to problems in which the scattering does not take place 
isotropically, as, for example, in the case of scattering by free electrons. But we postpone 
a discussion of this problem to a later occasion. 


I am indebted to Miss Frances Herman, who carried out the numerical work involved 
in the preparation of Tables 1 and 2. 


1 See, e.g., B. Strémgren, Ap. J., 86, 1, 1937. 
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ABSTRACT 


A new determination of the electron affinity of oxygen (3.07 e.v.) suggests that the ionization contin- 
uum of O~ in the photographic ultraviolet region becomes so strong in late K and M stars that its con- 
tribution to the monochromatic absorption coefficient cannot be neglected. The influence of O~ on the 
Rosseland mean is insignificant. A discontinuity in the spectra of M giants, first observed by Lindblad, 
is tentatively identified with the absorption edge of O~ near \ 4050. The theoretical strength of the Lind- 
bled discontinuity depends on the abundance ratio of atomic oxygen to atomic hydrogen, which in M 
stars varies with the pressure-sensitive shift of the dissociation equilibrium of the several hydrides and 
oxides. The result is a positive absolute magnitude effect for the Lindblad discontinuity. The differential 
ot free-oxygen abundance implied by Lindblad’s spectrophotometric observations agrees as to order of 
magnitude with that predicted by Russell from the dissociation equilibrium in giant and dwarf stars of 
the oxygen branch. 


The stability of the negative ion of atomic oxygen has long been known from its fre- 
quent appearance in the mass spectrograph. From an analysis of experiments on electron 
collisions in molecular oxygen, W. W. Lozier' assigned to the oxygen atom an electron 
affinity of 2.2 + 0.2 e.v. This figure warranted the conclusion that the negative oxygen 
ion could be dismissed as of little consequence for the continuous absorption coefficient of 
stellar atmospheres. Recently D. T. Vier and J. E. Mayer® have announced a consider- 
ably higher value for the electron affinity of oxygen, viz., 3.07 + 0.08 e.v. The authors 
are unable to advance any explanation of the divergence of this figure from Lozier’s 
smaller one. However, they place great confidence in their experimental method, which 
had previously been applied, by Mayer and several collaborators, to the various halogens 
and had given consistent results. Accepting the verdict of Vier and Mayer, it appears 
that in the late-type stellar atmospheres the continuous absorption in the photographic 
ultraviolet region contributed by the negative oxygen ions approaches that of the nega- 
tive hydrogen ions and may even overtake the latter for the M stars. This surmise rests 
on a comprehensive discussion of the structure and of the absorption coefficient of O- 
given by D. R. Bates and H. S. W. Massey.* The following remarks are necessarily of a 
tentative nature and are mainly intended to stress the astrophysical importance of a 
more detailed study of the negative oxygen ion. 

The ground state of O~ has the configuration (1s)*(2s)*(2p)° and is a *P° term. Lo- 
zier’s experiments and later ones by H. D. Hagstrum and J. T. Tate* furnished evidence 
of the existence in O~ of a stable excited state closely adjacent to the ionization contin- 
uum. The nature of this state, whose configuration may be either (1s)?(2s)*(2p)® or 
(1s)?(2s)?(2p)4(3s), has been debated at length by Bates and Massey. Although they 
could not decide between the two possibilities, they favor the second assumption. Fer 
the computation of the ionization equilibrium in first approximation the existence of this 
excited state may be disregarded. The Saha equation for O~ then reads: 


ie 5040 : im 2.9 
logio Po: pe = — 3.07 Laci 2.5 logy T — 0.48 + logio ae 
Po r 


1 Phys. Rev., 46, 268, 1932. 3 Phil. Trans. R. Soc., A, 239, 269, 1943. 
2 J. Chem. Phys., 12, 28, 1944. * Phys. Rev., 59, 354, 1941. 
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The last two terms practically cancel, 9 and 6 being the statistical weights in the ground 
state of O and O-, respectively. Writing the Saha equation for H~ with L. R. Henrich’s® 
new value of the electron affinity, 


. )4( 
logio he 0.75 + 2.5 logio T+0.12, 
Pu 
the abundance ratio of the negative ions of oxygen and hydrogen is found to be 


) 5040 
logio = = logye is 7 = logy A+B(T). 





The abundance ratio A (by numbers of atoms) is not known with great accuracy, but 

A=10° may be regarded as a conservative estimate.® Strictly speaking, A is not the 
abundance ratio of oxygen to hydrogen, as commonly understood, but the ratio of atomic 
oxygen to atomic hydrogen. This distinction becomes important. at the lowest tempera- 
tures encountered in stellar atmospheres, at which the numbers of free atoms are appre- 
ciably reduced by molecular association. The table below gives for two different values 
of A the logio(po-/Px-) and reveals how with decreasing temperature the abundance of 
O- overtakes that of H~, equality being attained approximately at T = 4000° K with 
A = 10~%, and even at solar temperature, on the perhaps rather extreme assumption of 
A = 10~*. It should be noted that this effect is independent either of the electron pres- 
sure or of the total pressure but that it is a function of A and T only. 





| 
CE eae 0.6 0.8 | 1.0 2°) “es 1.6 1.8 2.0 
ERO ere 8400 6300 | 5040 4200 | 3600 3150 2800 2520 
PMD cca BEd. co ty pit hs +1.51 | +1.98 | +2.44 | +2.90 | +3.37 | +3.83 | +4.30 | +4.76 
he po- fA=10-3......| —1.49 | —1.02 | —0.56 | —0.10 3 | +0.37 | +0.83 | +1.30 | +1.76 
B10 5 \A=107...... —0.49 | —0.02 | +0.44 | | +0. 90 | +1.37 | +1.83 | +2.30 | +2.76 
| | | | 





Figure 1 reproduces the absorption coefficients (absorption cross-sections per ion) of H— 
and O~ according to Henrich and to Bates and Massey, respectively. In O~ the existence 
or otherwise of a stable excited state belonging to the configuration (1s)?(2s)?(2p)*(3s) 
has a pronounced influence on the processes of electron capture by the oxygen atom 
and of photoelectric ionization of the negative ion. For details the memoir of Bates 
and Massey should be consulted. They give two curves for the absorption coefficient, 
marked A and B, corresponding to different assumptions as to the nature of the excited 
state. As their computations were based upon an electron affinity of 2.2 e.v., it was neces- 
sary to transform their results to the new value of 3.07 e.v., using formula (19) of their 
paper. Since the original data were available only in the form of graphs, no great accuracy 
can be claimed for this procedure, but Figure 1 is believed to be sufficiently illustrative. 
Approaching the ionization limit of O~ (near \ 4050) from the ultraviolet, the absorption 
coefficient tends to zero in case A, while it remains finite in case B (the original graph B 
contradicts the statement, made by Bates and Massey in the text, that the absorption 
cross-section tends to infinity as the frequency tends to the value at the ionization limit; 
but the origin of this discrepancy remains obscure). Hence, in case B we would expect to 
observe in stellar spectra near \ 4050 a rather conspicuous discontinuity not unlike the 
one at the Balmer limit, provided that the fraction po-/py- is much greater than 1—say, 
perhaps, greater than 5. In case A the rise of the O~ curve toward ultraviolet would 


6 Ap. J., 99, 59, 1944. 6A. Unsold, Zs. f. Ap., 21, 76, 1941. 
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reduce the decline of the H~- curve, and at a short distance from the ionization limit 
a strong absorption continuum would result for, say, po-/px- greater than 10, i.e., 
at temperatures lower than about 3000° K. These inequalities are subject to a moderate 
upward revision, because Henrich’s absorption coefficient of H~ is believed to be sys- 
tematically too small from \ 4000 toward the ultraviolet. The physical mechanism dis- 
tinguishing case B is a resonance phenomenon arising when a (2p)‘(3s)?P level of O- ex- 
ists with zero binding energy relative to the *P normal state of the oxygen atom. Whether 
or not this state of affairs actually prevails in the negative ion is of no great consequence 
for the interpretation of M-type spectra, as proposed below. The principal difference con- 
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Fic. 1.—Ordinates: absorption cross-sections 
per ion; H~ unit 107-!7 cm?, O- (A and B) unit 1078 
cm?, Abscissas: angstrom units. 


sists in the greater relative abundance of oxygen required in order to produce the O- 
continuum in case A, for which, moreover, the absorption edge at \ 4050 would be less 
sharply defined than in case B. 

B. Lindblad’ made a spectrophotometric comparison between 5100 and d 3700 of 
the two M stars HD 95735, dM2, and HD 120933, gM2. His monochromatic magnitude 
differences (including an arbitrary zero-point correction of 0.12 mag.) are plotted in 
Figure 2 on a 1/X scale, and some similar data by Y. Ohman are added to cover com- 
pletely the blue-green region of the spectrum. This permits the disturbing influence of 


7 Stockholm Obs. Ann., 12, No. 2, 1935. 
8 Stockholm Obs. Ann., 12, No. 8, 1936. 
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the MgH bands in the dwarf to be eiiminated. A straight line is drawn through Ohman’s 
undisturbed points, representing the relative spectrophotometric gradient, namely, 


0.921 26ma— mo) _ &2_2_ _g gs. 
1 1 T1 T, 

aa 
A parallel translation of Ohman’s gradient, so as to fit Lindblad’s points near \ 4500, re- 
veals a strong absorption continuum in the giant, extending from about \ 4100 far into 


; a oe 





ie: a eee . oo We 
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Fic. 2.—Ordinates: magnitude differences (dM2—gM2), according to Lindblad (op. cit., Table 6, rep- 
resented by single circles) and to Ohman (op. cit., Table 6, represented by double circles). Abscissas: 
wave numbers (cm~?). 


the ultraviolet. That this is not an isolated instance is qualitatively demonstrated by a 
series of low-dispersion spectrograms of 12 M dwarfs and 16 M giants, which were ob- 
tained with quartz optics at the aluminized 60-inch Mount Wilson reflector. On these 
spectrograms it was an easy matter to separate the giants from the dwarfs, on account 
of a striking difference in the appearance of the ultraviolet continuum. In the dwarfs the 
photographic density of the continuous spectrum steadily and slowly decreases from a 
maximum in the blue toward the ultraviolet limit; in the giants there is a marked drop 
between \ 4100 and d 4000, or so, and no further recovery at shorter wave lengths down 
to \ 3300, where the spectra fade out. From exposure ratio scales it was estimated that 


*R. Wildt, Ap. J., 84, 335, 1936; Mt. W. Contr., No. 551. 
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the discontinuity near \ 4000 is of the order of 0.5 mag., a figure that agrees well with 
Lindblad’s photometry. All these spectra were photographed on infrared sensitive plates, 
and from the strength of the simultaneously recorded infrared maximum, near \ 8500, it 
was possible to estimate a crude color equivalent. Several pairs of dwarfs and giants, se- 
lected for equal apparent visual magnitude, proved to have nearly the same integrated 
infrared intensity but were readily distinguished by the weakness of the ultraviolet in 
the giants. This was taken to indicate that the surface temperatures of these pairs do 
not differ markedly and that a peculiar absorption mechanism located in the atmospheres 
of the giants is responsible for their low ultraviolet intensities. Unfortunately, similar ob- 
servations of pairs of K stars were not undertaken at that time. While this sample of M 
stars actually investigated is admittedly small, it may be regarded as representative of 
the M stars at large, pending evidence to the contrary. In other words, what may be 
called, for sake of brevity, the “‘Lindblad discontinuity” and the ‘‘Lindblad continuum” 
are assumed to be typical features of the giant M spectra. 

The relation between color and effective temperatures observed among G and F stars 
cannot, as yet, be predicted from theory, though steady progress in this direction has 
been made through the efforts of Williamson and Henrich. This problem will be even 
harder to solve for the K and M stars, because of purely observational difficulties. In 
their spectra the crowding of lines and bands makes it exceedingly difficult to define 
clearly what should be regarded as continuous background, but this dilemma can per- 
haps be circumvented by differential spectrophotometric observations of dwarfs and 
giants having the same spectral type. Such observations, i.e., of the very sort Lindblad 
and Ohman have carried out, should eliminate in the first approximation the disturbing 
influence of the line and band absorption and, therefore, should lend themselves to a test 
of the theory of the continuous absorption coefficient by way of the absolute-magnitude 
effects it implies. Now, according to the current theory of the atmospheric absorption co- 
efficient, for temperatures lower than 5000° K the contribution of atomic hydrogen to the 
opacity becomes negligibly small and the parameter, k,/k, which determines the inten- 
sity distribution in the continuum, is a function only of the temperature, since for H— 
both k, and k are proportional to the electron pressure. Consequently, the relative 
spectrophotometric gradient, dwarf minus giant, should be a function only of the differ- 
ence of the effective temperatures, which are marked among the K stars and seem to dis- 
appear at MO, according to G. P. Kuiper’s'® study of the temperature scale. On the other 
hand, the difference in color temperature between K dwarfs and giants to be expected 
on the current theory ought to be small, on account of the slight dependence of the varia- 
tion of k,/k with temperature in the relevant range. But the observed differences in color 
temperatures between dwarfs and giants are considerable for late G and K stars, and 
this throws some doubt on the adequacy of the current theory, operating with H~ as the 
only source of continuous absorption. 

With the recognition of the Lindblad discontinuity as a typical feature of the M giants 
in general, it becomes practically certain that another absorption mechanism besides the 
photoelectric ionization of H~ must be introduced for these stars into the theory of the 
continuous spectrum. The tentative identification of this new agent with the negative 
ion of atomic oxygen seems natural at this stage. While the final test of this conjecture 
must await a quantum mechanical analysis of the structure of O~ going beyond the work 
of Bates and Massey, some astrophysical consequences of the proposed identification 
will be taken up here. With H- and O- operating jointly, the parameter k,/& would still 
be independent of the electron pressure. Therefore, no Lindblad discontinuity could ap- 
pear in the giants, because the dwarfs and giants of the early subdivisions of class M are 
supposed to have nearly the same effective temperatures, unless oxygen were much more 
abundant in the giants than in the dwarfs. The giants are now widely held to be a cos- 
mogonically distinctive group of stars, and there is no a priori reason to reject the hy- 


10 4p. J., 88, 429, 1938. 
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pothesis that they might be richer in oxygen than the main-sequence stars. Fortunately, 
there is no need to rely on this rather special hypothesis. It is mentioned here merely be- 
cause a true cosmic difference in abundance may be superimposed upon, and hard to dis- 
entangle from, an apparent difference in the abundance of free atomic oxygen, such as is 
bound to result from the greater amount of oxygen that is locked up in molecules in the 
M dwarfs, in consequence of their higher mean atmospheric pressure. This effect is very 
conspicuous in H. N. Russell’s" diagrams illustrating the shift of the dissociation equi- 
librium as function of the atmospheric temperature, both for giant and for dwarf stars. Ac- 
cording to Russell’s graphs, the abundance factor A = po/pu, as used above, is constant 
in the giants at temperatures higher than 2500° K. But in the dwarfs, A has fallen at 
2800° K to one-tenth of its value at 3150° K, above which temperature it is constant. 
This means that with decreasing temperature the giants become relatively richer in free 
atomic oxygen. Conversely, the dwarfs become poorer in negative oxygen ions. Of course, 
Russell’s figures are subject to change on altering the composition of the model atmos- 
phere, but the qualitative characteristics of his diagrams are expected to be conserved. 
The differential of oxygen abundance required to produce a Lindblad discontinuity of 
0.5 mag. can be estimated with the help of G. Burkhardt’s” table, which gives the mono- 
chromatic flux averaged over the stellar surface as function of the two variables k,/k and 
hv/kT,. Regarding case A, with T, = 3150° K and A = 10-% for the dwarfs, it seems 
that A would have to be larger by a factor of the order of 5 in the giants. For case B the ab- 
sorption of O~ near the ionization limit is so much stronger that a smaller A could be 
chosen for the dwarfs, and yet in the giants the required oxygen abundance would have 
to be greater by a small factor only, perhaps of the order of 2. No great precision can be at- 
tained in making these estimates, among other reasons because the choice of the correct 
value for & is a matter of some difficulty, as will be explained presently. Notwithstanding 
that, it appears safe to say that the interpretation of the Lindblad discontinuity proposed 
here does not imply an unreasonably large difference in oxygen abundance between giants 
and dwarfs. Incidentally, it may be noted that the influence of O- on the computation of 
k is quite insignificant, since the frequency dependent weight factor entering the Rosse- 
land mean is small in the ultraviolet. J ; 

In order to make the estimates just described, k was computed for T = 3150° K by 
adding the absorption coefficients for the bound-free (Henrich) and free-free (Wheeler 
and Wildt) transitions of H~, with the result k = 0.95 - 10~'8 cm? (this is the Rosseland 
mean of the absorption cross-section, not the mass absorption coefficient). This figure 
is predominantly determined by the high transparency to the infrared side of the ioniza- 
tion limit of H-, as will be apparent from the nature of the Rosseland mean as a harmonic 
mean. Specifically, k,/k assumes the values of 7.5 and 0.15 at the frequencies 7000 and 
6000 cm“, respectively, which would entail an immensely strong emission on the infrared 
side of the ionization limit of H~. Burkhardt’s table does not extend beyond k,/k = 0.5, 
but it can be inferred that near \ 16,000 the energy-curve of the M stars should rise steep- 
ly toward the infrared by many magnitudes. This conclusion is certainly contradicted by 
the few known infrared energy-curves of late-type stars,'* though the resolving-power of 
these measurements was rather small. This, then, brings to light a serious deficiency of 
the present theory of the continuous absorption coefficient, as far as the low-temperature 
range is concerned. There does not seem to exist any grave “‘infrared problem”’ at solar 
temperatures. For the contribution of the free-free transitions of H~ varies ever so little 
with temperature, while the absorption from bound-free transitions mounts rapidly with 
falling temperature. In order to stop this infrared leakage at low temperatures, some new 
absorption mechanism affecting primarily the infrared would have to be found. Further 


1 4p. J., 79, 281, 1934; Mt. W. Contr., No. 490. 
12 Zs. f. Ap., 13, 56, 1936. 13C, G. Abbot, 4p. J., 69, 293, 1929. 
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discussion of this point would go beyond the scope of this paper, but it is well to remem- 
ber that the free-free absorption coefficient of H~ has been derived from an approximate 
theory. 

Finally, the splitting of the giant branch into two parallel sequences—the oxygen and 
the carbon stars—is of particular interest in the context considered here. The study of 
the low-dispersion spectra of 16 carbon stars® disclosed an important difference between 
the spectral classes R and N as regards their ultraviolet continuum, which is very strong 
in the former and excessively weak in the latter (for the prototype, 19 Piscium, it was 
estimated from exposure ratio scales that the energy-curve drops by about 2.5 mag. near 
\ 4000).!* These observations lead to some speculations on the atmospheric opacity of 
late-type stars, in so far as it is caused by continuous molecular absorption. It is now nec- 
essary to re-examine this situation with reference to the continuous absorption produced 
by negative ions, but such an attempt would be unprofitable at this time for lack of many 
requisite data. The negative ion of atomic carbon appears with great strength in the mass 
spectrograms. Quantum mechanical estimates have indicated for carbon an electron 
affinity of about 1 e.v. However, this result may be off by 100 per cent or more, as experi- 
ence from similar computations for other negative ions has taught. 


14 A further factor which may be of importance in this connection is the systematic difference of tem- 
perature which appears to exist between the R and the N stars (cf. P.C. Keenan and W. W. Morgan, 
Ap. J., 94, 501, 1941). 
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ABSTRACT 
Radial velocities and spectral types are listed for 150 B-type stars between magnitudes 8 and 12. 
The combined observations of this paper and of McDonald Observatury Contribution No. 35 are shown 
graphically. 


The observations of B-type stars published in McDonald Observatory Contribution 
No. 35? have been extended by obtaining spectrograms of 150 additional stars, making a 
total of 268 stars. An attempt has been made to distribute the observations uniformly 
along the available portion of the Milky Way (see Figs. 1-3). The improvement in dis- 
tribution over that of the first paper alone is due in a large measure to lists of B stars 
from unpublished sections of the Henry Draper Extension, made available through the 
courtesy of Dr. Shapley, Dr. Bok, and Mrs. Mayall, of the Harvard College Observa- 
tory. These lists include stars in three regions of galactic longitude: 180°-190°, 320°-340°, 
and 20°-40°. A few stars were chosen from the Cape catalogue of faint stars. A second 
spectrogram was obtained for each of 13 stars observed by O’Keefe.* The remaining 
sources of material are listed in paper I. 

Two spectrograms, having a dispersion 76 A/mm at Hy, were obtained for each star, 
with the exception of 24 stars with poor lines and of 2 stars for which insufficient observ- 
ing time was available. The average exposure time for a star of given magnitude was 
decreased by hypersensitization of the emulsion. 


MAGNITUDES 


Although material has been obtained for the determination of magnitudes and colors 
of the stars, as well as additional material for some of the stars in paper I, I have not had 
the opportunity of reducing it. This material consists of photographic and photovisual 
plates taken with the 6-inch UV camera and of the spectrograms themselves, from which 
colors are to be determined (see paper I for a discussion). For 63 of the stars of this paper, 
however, photographic magnitudes and colors had been obtained by Seyfert in the pro- 
gram for the earlier paper. In this sense he is a collaborator, and I wish to express my 
indebtedness to him. His colors are not published here, since it is desirable to combine 
them with the colors from the spectrograms. Reliable photographic magnitudes are also 
available for 25 of the remaining stars. Of these, 10 are stars from the Bergedorfer S pek- 
tral-Durchmusterung, while 15 magnitudes were obtained from the colors and visual 
magnitudes of Stebbins, Huffer, and Whitford.® 

The magnitudes of the 43 remaining stars for which photographic magnitudes are 
listed in Table 2 were taken from the catalogues listing the stars as B stars or from the 
CPD (Durchmusterung stars between — 20° and —36°). For these latter, corrections to 


* Contributions from the McDonald Observatory, University of Texas, No. 92. 
1 On leave of absence for war research. 
2 Seyfert and Popper, Ap. J., 93, 461, 1941. Referred to as “I.” 
3 Catalogue of 20,554 Faint Stars, Observatory of the Cape of Good Hope, 1939. 
4 Ap. J., 94, 353, 1941. 5 Ap. J., 91, 20, 1940. 
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the magnitudes were applied as given in Harvard Ann., 80, 256, 1917. For 19 of the 
BD stars, only approximate visual magnitudes are available. These were obtained from 
the BD and are corrected according to published tables.° 


SPECTRAL TYPES 

Classification of the spectra is discussed in the earlier paper. As a check on the con- 
sistency of the spectral types, a random selection of 45 of the spectrograms of that paper 
was reclassified along with the spectrograms of this paper. The systematic difference 
averages ().1 spectral subdivision, while the differences taken without regard to sign 
average 0.5 subdivision. The star HD 123884 of paper I should be classified cB9 in- 
stead of cB6. 

The use of the intensity ratio of the helium lines \ 3964 and \ 4026 continues to be a 
useful criterion for luminosity classification on our spectrograms of stars from types B1 
to B4. The explanation suggested in paper I for the relative strengthening of \ 3964 in 
c stars is incorrect. The true reason is probably that this line is lost in the wing of He in 
the spectra of main-sequence stars. 


TABLE I 


LUMINOSITY CLASSIFICATION ACCORDING TO MORGAN, 
KEENAN, AND KELLMAN 





| McDonaLp 
TYPE ae 

c a Normal 
ne ORAS =a Sey fe Ae iD Ae LI 
es Nuh neues RR BLE e259 I-III 
PE no shee ona rates | I II ITI-1V 
| | ene ne sa AE er I-II III Vv 
|. SANE er aes rea ee I III V 
1) a rs ae are | RR Gi) ae Re At <u V 





An attempt is made in Table 1 to correlate the luminosity classes used here with those 
of Morgan, Keenan, and Kellman.’ Blank spaces occur in the table where luminosity 
classes are not used in the McDonald classification. A few BO stars were observed which 
belong in class V. For these the remark is entered, following Table 2, that the spectrum 
is similar to that of 7 Sco. In these spectra the Si Iv lines are much stronger than those of 
Si 11, but the ratio of Si 1v to H is considerably smaller than for normal BO stars. 


RADIAL VELOCITIES 


As in paper I, a correction of — 2.1 km/sec has been applied to all measured velocities 
in order to reduce them to the system of Moore’s catalogue.* When the difference in ve- 
locity from two spectrograms exceeds five times the larger probable error of measure- 
ment, the comment “Velocity variable?”’ has been appended to Table 2. It is not im- 
plied that all the other stars have constant velocities. A few stars are common to our list 
and to that of Neubauer.’ These are indicated in the remarks at the end of Table 2. 
They are too few in number for a statistical comparison. 


6 Pannekoek, Pub. Astr. Inst. Univ. Amsterdam, No. 1, 1924. 
7 An Atlas of Stellar Spectra, Chicago: University of Chicago Press, 1943. 
8 Lick Obs. Pub., Vol. 18, 1932. %Ap. J., 97, 300, 1943. 

















96 DANIEL M. POPPER 
TABLE 2 
OBSERVATIONS OF B STARS 
STAR | a : b Myg SPECTRUM | Sean tina | poy | san 
1900 1900 | (Ka/SeEc) | (Kus/Sec) | sans 
| | | 
- | i} ERE” Mee eee here eee, Weer 
Part I 
8-1454. | omsomt | 61°13) 91 | — 1) 11.10] 07 —2M4eF | —54eF 
8-1105. 1 1.2} +60 6| 93} —2/ 11.50 | cB2 —33dB | —12bB 
8-640 | 1 4.8] +59 7) 93|-— 3] 11.50] B2.5 —12cA | —25bC 
8.1675... | 1 5.4] +61 23} 93 0/ 11.80] Bi | —52cA | —4icA 
C1779: .... 112.6| +61 8 | 94/—1]| 11.90! B3 | —46dD | — 8bA | R 
236800. 130.1/ +5926) 96|- 2) 958] B3 | —25cC | —154B 
236961 217.7| +57 1|103/— 3] 9.41] Bi | —34eA | +15d 
237015 245.0 | +59 57| 105| +2) 9.05/ B4 | —15dA | + 5eB 
9.274. 2 52.2/ +59 6| 106} +1] 11.00] B4n | —44eC | + 4bA 
9.53. 3 0.2 | +58 55 | 107 | + 2 | 11.04 | A2p =| +28cB | Stellar k 
9-106... 3 5.2] +58 34] 108| +2] 10.51} Bin | — 9eE | —30cC 
232999... 4 37.0 | +50 21| 123| +4] 9.77] cB2 + 1bA | —15bB 
242926... 516.1) +33 13} 141} 0 | 9.28] 07.5 — 8eC | — %C 
243780... 5 21.4} +21 25/152; —6| 9.94] B3+F8 | +21cB | —12bB | R 
243827... 5 21.7} +33 15 | 142| +1] 10.80 | c-B2 +66dC | —34e 
245770. 5 32.7| +2616 | 149| —1| 9.73| Binea | + 6dE | + 1aC | R 
246901... 5 38.3 | +33 29| 144/ +3] 8.68] cBI+K | — 1bA | + 2cA | R 
247331... 5 40.2 | +25 30 | 151 0| 8.73} B3ney | —14dB | +19e R 
248893... 5 48.0 | +22 6| 155 0| 10.0 BO +23cB | +12bA 
250980... . 5 58.1| +940} 166} -—5| 9.18} B2nes | — IcA | + 2aB | R 
| 
251204... | 559.0 | +23 24] 155} +2] 10.4 BO oS eee 
253021... |} © 5.7 |-+21 40 | 157] + 3] 10.2 B2 ....f | 433d R 
254428... | 6 11.2 | +13 32 | 165 0; 9.13] BO.5 +18aA | +15bB 
254577..... 6 11.8 | +22 26| 157|/ +5] 9.5 BO +18eC | — 6aB 
255191.........| 6 14.0 | +24 17 | 156] +6} 10.7 | cBI +24cD | +20e 
25€°.7.........| 618.6] + 821/170] —1]| 9.72] Bey +11eD | +26aB 
SS ee | 619.1} +19 54} 160/ +5] 9.70] 05.5 +38dA | +36bA 
258982.........| 6 26.2] + 6 14 | 173 0} 96 B2 +62cF | +16cC 
259597........ | 628.1} +824/171| +1] 8.60] B3ney | +37fF | +19aA 
259828.........| 628.8] +811] 172} +1] 11.06] BS +11dB | +46d 
+0°1576.... 6 39.7 | + 0 42 | 179 0| 9.33} 09 +41cC | +30bB 
236775..... 6 41.5| + 542/175] +3] 10.56] B3 +38eB | +29bA 
4-0°1627...... 6 44.2| +050] 180} +1]| 9.42] B2 +12dE | +29bD | R 
+0°1638...... | 645.1 | + 0 33 | 180} +1} 10.03 | O8n +46eD | +49bA 
+1°1560...... | 646.8/ + 129/180} +2) 9.63] Bdn +24eD | +27b 
—1°1471...... | 6 52.0| — 138] 183] +2] 10.13] Bi | eee 
—3°1668.......| 652.9} — 338] 185/ +1] 9.76] B3 +45cA | +23cB 
—2°1892a...... | 657.4] — 251] 185} +3] 10.43] B3 +42cC | +27e R 
—4°1806a......| 7 0.1] —4 5| 186|/ +3] 10.55] B3 +68dC |......... R 
—3°1746.......| 7 2.6] — 356/186} +3] 10.61] BSey +65cA |......... R 
So. s | 7 9.8} —15 13} 197} —1] 8.90] B(5)neg | +57eA | +58cA | R 
ee... .. 712.1 | —14 54 | 197 0| 10.5 BS +33dC | +45bD 
123-4955....... | 7 23.4| -15 11/198} +2] 9.69] O07 +54dB | +32aB 
a eee 7 38.7 | —2711| 210] —1] 10.29] Béea +39cA | +25aA | R 
RES | 7 43.0 | —27 41 | 212 0| 9.46] cBI +43aA | +25dB 
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TABLE 2—Continued 



































| | K-LINE 
a 6 Star VEL. RE- 
ve | 1900 | 1900 : : moe SPECTRUM | (Ku/Szc) Peep a MARKS 
Part I—Continued 
POR TSE oe ws | 7h56™4 | —30°27’| 215 | + 1 11.3 B7 A, Sa eee ee 
148-1118.......] 7 59.4} —31 26 | 217/| + 1 11.4 B4 + Sb cae ee 
148-1662. ...... 8 3.3 | —30 1 | 216; + 2 Tf. B8 +20eA Stellar 
148-2127....... | 8 7.1 | —31 49 | 218 | + 2 1} B9 + 2cA Stellar 
—44°4543......| 8 31.1 | —44 41 | 231 | — 2 10.4 BO +44dF |......... 
72-4922... . .| 8 43.7 | —45 57 | 233 | -— 1 9.45 Bl +57dF +3le R 
eS | 8 46.5 | —44 12 | 232 0 9.9 BO +A2IGA foc cic es 
—46°4786...... | 8 53.5 | —46 40 | 235 0 9.9 Bl Sar a er re 
—47°4551...... | 8 54.5 | —47 21 | 236 0 9.0 O7 ae | a ore 
TOMI sic hoe 8% | 9 5.9 | —43 29 | 234 | + 3 9.6 BO.5 +44bA +28dD 
| 
124448......... / 14 8.6} —45 49 | 286 | +13 9.7 Bp —65aA | —46b R 
144695.... 16 2.0} —49 41 | 300 0 9.6 O9 al ee 
—46°10590..... | 16 3.4] —46 43 | 302 |} + 2 10.2 O9 —19eE |......... 
T5GI97 ©. ccs | 16 34.3 | —47 22 | 305 | — 2 9.32 O8 — 2cD —33cA 
150475. . | 16 36.1 | —37 39 | 313 | + 4 8.60 O08 .5 —22cB — 8&cC R 
151018...... | 16 39.6 | —45 42 | 307} — 2 9.2 BO =~ QR fa kiienss 
151300.........| 16 41.4 | —47 0 | 306) — 3 9.53 06 —47dA |......... 
160-1052... .... | 16 50.1 | —43 34 | 310} — 2 9.21 BO —27dB —27bA 
155959......... 17 9.6 | —40 46 | 314 | — 3 9.0 BO.5 —13eC —24bA 
oo 2 17 10.7 | —35 27 | 319 0 | 8.50 | c BO.5 —22dD | +56cF R 
jo? a?) Ser 17 25.1 | —31 16 | 324 0 11.0 B4 ne A has ee oes 
Se a 17 25.7 | —33 16 | 323 | — 1 10.0 O08 —22cC —1id 
—34°11820..... 17 29.2 | —34 34 | 322 | — 3 10.8 Bl —32cB OcB R 
—33°12242..... 17 29.6 | —33 49 | 322 | — 2 10.3 cB0.5 —31ibA —21cB 
—35°11760..... 17 31.2 | —35 20 | 321 | — 3 9.9 cB5 + 7cB Oc R 
| 
160730: . 2... 17 36.4 | —24 15 | 331 | + 2 10.24 08 a” ft Se 
—35°11892..... 17 38.7 | —35 22 | 322); -— 5 9.8 B3 —53eD —24bC 
— 24°13687. 17 52.0 | —24 49 | 333 | — 2 10.3 B2 —22aB — 9bC 
165049......... 17 59.0 | —15 22 | 342 | + 2 8.20 | c-B1.5 —24bB | —17aA R 
165509... .. «<0: 18 0.3 | —14 12 | 342 | + 2 8.40 BO +30aC — 9aC R 
IGSSET «5 os ws 18 1.2} —25 7 | 333 | — 4 8.70 BO —48dF | +10cB R 
—22°12627..... 18 3.6} —22 21 | 336| — 3 10.2 B2 —10eR |. iis os 
166188... . 18 4.4} —18 13 | 340} — 1 9.10 B2ne8 +25cE —16cB R 
166418. 18 5.4} —16 44] 341 0 8.30 BO +36cD | —24bB R 
166611......... 18 6.3 | —26 45 | 332} — 5 9.68 Bl —23dA +17aA 
134-464........ 18 6.4} —14 32 | 343 0 9.93 BO.5 —14eB +20e 
—20°5043..... 18 8.1} —20 20} 338 | — 3 9.7 O7 +28dA +49e 
—20°5061...... 18 9.7 | —20 44} 338 | — 3 9.6 Boe OBS ae f +15cA 
1G7451)... 0c Sec 18 10.2 | —13 36 | 344 0 9.00 cBl —13bF | — 2aA ; R 
134-1269....... 18 10.5 | —14 39 | 344 0 9.83 Bl —28cA + 2c | 
TOBSS2 5d iiss 18 14.1 | -—17 7 | 342| — 2 8.90 B2 —16bA | —29aA | 
134-2076. .....| 18 14.6 | —15 6) 344| — 1 9.76 BO +21dA —12bF 
168607......... 18 15.5 | —16 25 | 343 | — 2 9.73 cB8ey —30bF | + 2cF | R 
168625......... 18 15.5 | —16 25 | 343 | — 2 9.55 cB2 — 4bA | —13dA | 
—20°5108...... 18 16.4 | —20 7} 340| — 4 9.4 BO.5 +17cA +13aA | 
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STAR 


134-2608. 
169754 
230373... 
+22°3559. 
177812 


+24°3632.. 
DAUIOS ...;. 
230780... . 
231564..... 
+23°3730. 


+22°3781. 
+22°3782. 
+23°3759. . 
+25°3952. . 
+29°3732. . 


+22°3836. . 
+29°3842... 
+21°4017. 
+28°3598. . 
227415...... 


+31°3921.. 
227607 .. .. . 
i 
+19°4293. .. 
i: 


+23°3915. . 


429°3044...... 
278461......... 


229049... ... 
40-1659. . 


18-390... 
250015... =. 
260171....... 
240311... .. 


8-1680........ 
| Oe 
as70oe...... 
Z5a704...... 


O66579......... 


| 19 38 


1 19 57 
| 19 59. 





55 
| 3 Si.S 
wo 


1 
| 19 2 
|; 19 4 


| 21 17. 


a 
1900 


18218™2 


18:)21.1 | 


18 55.9 


19 


Co ~1tn OO 


19 24 
19 36. 


~ 
a 


19 38 


19 41 
19 41 
19 41 


19 46 
19 56 


o> pat en CV OO CUO C0 


20 0. 


20 0 
AD sk 
20 2 
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20 4 


wrocw 


20 6 
20 9. 
20 10. 
20 17 
20 44. 


Ww He 00.0 


22 58 
23 24. 
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1900 


— 14°12’ 
—11 25 
+12 59 
+22 26 
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+3 6 


| +24 39 | 
| +18 29 
| +14 58 | 
+12 22 | 


+23 47 


+23 2 | 


+19 12 | 


+35 50 


+23 27 
+29 24 
+37 56 
+38 42 


| +45 14 


+59 34 
+54 53 
+56 36 
+59 3 


+61 47 


+61 25 
+57 7 
+51 42 
+33 23 
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345 
348 
14 
22 
5 
24 


19 
16 


16 | 


27 


40 | 


37 
41 
39 
27 
41 


31 
36 


+1441 
m— OO Re he 


43 | 


44 


67 
66 
76 


I++ + +1 


80 | 


ase" | 


l+++ 
emo 


> 14 


| = 


— Wray 


WON — bo 


~ 
BND ee ee ee pe = 


mb Ue Go 


_ 
a) 


NR Wwre ns 


0 | 
0 
0 | 


Myg 


SPECTRUM 
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10.37 
9.50 
10.65 
(10.4) 
9.10 


(10.4) 


1126.1 


10.8 
10.8 


(9.2) 


(10.0) | 
(9.0) | 
9.1) | 


| ( 
(10.0) 
( 


9.7) | 


( 9.3) | 
(10.4) | 
(10.4) | 


(10.0) 
10.00 


| (8.7) 


10.00 | 


8.43 
(10.5) 
9 60 


| ( 9 7) 
| (10.0) 


9.46 
10.36 
11.10 


10.80 | 
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9.1 
10.70 
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11.10 


11.20 | 


BO 
BO 
B7n 
B3 
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cB8 
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B5 
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O09 
O09 
BO 
O8 
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BO 
BO 
BO 
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BO 
B8 
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BO 
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Bo 
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TABLE 2—Continued 





| K-LINE 











: | a 5 in oh eee Star VEL. RE- 
we | 1900 | 1900 | , , 4 SPECTRUM | (Kye /Szc) ee MARKS 
| | | ‘ 
Part [1I—Continued 
247795... | 542m | 431948’) 145/ +3) 938) B(4)nep | ....£ | +28d | R 
248434.........] 5 45.7 | 421 31 | 155 | -— 1 10.5 B(5)ney | —63f —18% |; R 
250163... .| § 54.4] +19 11 | 158 | — 1 10.2 Bnes erie eases om R 
251696... ..| 6 0.9} +23 12] 155} +3] 10.1 | B5n +58f +36c 
253339.........| 6 6.9 | +24 41] 155 | + 4 10.6 | B3neg ee +49e R 
| 
264600... 6 44.2} + 619) 175 | + 4 10.90 | Bn pee +35c R 
—5°1971.. 7 24) —5 4{ 187) +3) 10.18} B(5)nep | +69f +23c¢ R 
+1°1699.......1 7 2.7] + 153 | 181} +6] (9.3) | B4n +99e +13c 
62780... | 7 40.5 | —26 43 | 210} — 1 8.96 | Bnep +73e +44c R 
63150 .| 742.3 | —3616| 219; —5| 8.7 | Bnep ee Eee aan 
64639... | 740.7 | —24.33:1 20143] 9:50). Beey ~~] O48 AL. R 
172-880. . | 8 37.5] —45 44| 233} — 2] 9.63| Bne@ | +78f |......... R 
80834 | 9 16.9 | —41 45 | 234 | + 6 10.0 | Bney ete +20d R 
—40°10757. 16 42.3 | —40 38 | 311 | + 1 9.8 BG, OR Sie ieee cee oer 
—25°12556 17 54.2 | —25 14 | 333 | — 2) 11 Bi | +19e + 8d 
—25°12786 18 2.5] —25 22 | 333| —4]| 10.8 B5n —44 |..... J 
167722 18 11.4 | —19 46 | 339 | — 3 9.20 B3n — 3f — kx R 
134-1627. | 18 12.2 | —13 53 | 344 0} 10.91) cB4 et wk Aero R 
+ 19°4266 19 59.1 | +19 42 | 27; — 7 | (10.5) Bn ots 
228041... } 20 6.2; +35 12} 40 0 9.20 Bnef ff | ~ae R 
+32°3749 20 9.8| +32 15| 39] — 2| (10.4) OWawy |... Bo Teese. & 
NOTES TO TABLE 2 
8-1779 Velocity variable? 
9-53 Type cA2 from H and Cat; but Sit, Fe u, and Mg 11 not visible. 
243780 Composite spectrum. The continuous spectra of the two stars appear to be approximately 
equal at \ 4250. Color index approximately +1.2 mag. Velocity mainly from F-type lines. 
245770 MWC 507. 
246901 Composite spectrum. The continuous spectra appear to be approximately equal at \ 4600. 
Color index about +0.9 mag. Velocity from both B- and K-type lines. 
247331 MWC 513. 
250980 MWC 518. 
253021 Double lines. 
256577 MWC 525. 
258982 Velocity variable? 


+0°1627 =‘ Velocity variable? 

—2°1892a 4’ north of —2°1892. 

—4°1806a 3’ sf —4°1800. 

—3°1746 MWC 544. 

55885 MWC 550. 

62413 MWC 568. 

172-1522 Velocity variable? 

124448 See Pub. A.S.P., 54, 160, 1942, for a brief description of the spectrum of this star. Hé and 
Hy, if present, must be weaker than 0.2 equivalent angstroms. This upper limit was set 
by comparing spectrograms of HD 124448 and of p Leonis with a dispersion of 26 A/mm 
at Hy. E. G. Williams has published intensities of numerous lines in the spectrum of p Leonis 
(Ap. J., 83, 83, 1936). The radial velocity is based on 5 spectrograms. 

150475 Magnitude from Stebbins, Huffer, and Whitford, 
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156134 Magnitude from Stebbins, Huffer, and Whitford. 

—34°11820 Velocity variable? 

—35°11760 Probable Ha emission. 

165049 Magnitude from Stebbins, Huffer, and Whitford. Velocities by Neubauer: stellar, —17+1; 


K line, —10. 
165319 Velocity variable? Magnitude from Stebbins, Huffer, and Whitford. 
165517 Velocity variable? Magnitude from Stebbins, Huffer, and Whitford. 


166188 Velocity variable? MWC 282. Magnitude from Stebbins, Huffer, and Whitford. Velocity by 
Neubauer: —23+2. 
166418 Magnityde from Stebbins, Huffer, and Whitford. Velocities by Neubauer: stellar, +6+2; 


K line, —20. 

167451 Velocity variable? Magnitude from Stebbins, Huffer, and Whitford. Velocity by Neubauer: 
—5+4 (var). 

168352 Magnitude from Stebbins, Huffer, and Whitford. Velocities by Neubauer: stellar, —28 +2; 
K line, —30. 

168607 MWC 291. This star and HD 168625 are the very red stars near M 17 (Pub. A.S.P., 52, 
401, 1940). 

169754 Magnitude from Stebbins, Huffer, and Whitford. Velocity by Neubauer: +35 + 16 (var). 

177812 Magnitude from Stebbins, Huffer, and Whitford. 

230780 Velocity variable? This star was erroneously announced to have Hain emission (MWC 613). 


It should be removed from the list in Ap. J., 98, 153, 1943. 

+29°3842 Velocity variable? 

+28°2398 Velocity variable? 

227415 Spectrum similar to that of r Sco. Magnitude from Stebbins, Huffer, and Whitford. 

227607 Velocity variable? 

227836 MWC 628. Spectrum peculiar and variable. See note in Ap. J., 98, 153, 1943. Magnitude 
from Stebbins, Huffer, and Whitford. 

229049 Spectrum similar to that of 7 Sco. 

240311 Si lines strong. 

8-1680 He lines sharp. MWC 421. 

8-1720 MWC 422. 

247795 MWC 514. 

248434 MWC 515. 

250163 MWC 517. 

253339 MWC 322. 


264600 Probable Ha emission. The region of Ha is not included on our spectrogram. 
—5°1971 MWC 543. 
62780 MWC 573. 
64639 MWC 576. 
172-880 MWC 578. 
80834 MWC 580. 


—25°12556 Insufficient time to obtain a second spectrogram. 

167722 Magnitude from Stebbins, Huffer, and Whitford. 

134-1627 Insufficient time to obtain a second spectrogram. 

228041 MWC 330. Magnitude from Stebbins, Huffer, and Whitford. 
+32°3749 MWC 631. The only lines visible are He 11 4686 and C 11 + O 11 4650. 


THE TABLE OF OBSERVATIONS 


The table of observations (Table 2) is divided into two parts. In Part I are listed data 
for the 124 stars for which two (in a few cases more) spectrograms have been obtained. 
Part II contains data for 26 additional stars with only one spectrogram per star. Nearly 
all the stars of Part II have poor lines. 

The first column of the table gives the designation of the star. For most of the stars 
this is the HD, BD, or CoD number. HD numbers larger than 225300 are to be found 
in the Henry Draper Extension (Harvard Ann., Vol. 100). The CoD stars south of —40° 
are listed as B stars in the Cape catalogue of faint stars.* The rest of the BD and CoD 
stars are from unpublished portions of the Henry Draper Extension. Hyphenated desig- 
nations refer to Selected Area and star numbers as found in the Bergedorfer Spektral- 
Durchmusterung (northern declinations) or in the Potsdamer Spektral-Durchmusterung 
(southern declinations). The 1900 positions of the BD and CoD stars are the BD and 
CoD positions corrected for precession. The positions for the other stars were taken from 
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the catalogues listing them as B stars. Galactic co-ordinates (fourth and fifth columns) 
were interpolated from the Lund Observatory table. 

The reliable photographic magnitudes, probably good to 0.1 mag. for the most part, 
are listed to two decimals. These include Seyfert’s observations, the Bergedorf stars, and 
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Fic. 1.—Distribution of spectral types of B stars. O =main-sequence stars; @=n stars; X =c 
stars. Unclassified Bn stars and c stars later than B5 are shown at B6. 
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Fic. 2.—Stellar radial velocities corrected for the sun’s motion and for cos? 6. X =normal points 


stars observed by Stebbins, Huffer, and Whitford. A zero has been arbitrarily added in 
the second decimal place for stars of the last two groups (see the discussion of magni- 
tudes above). Magnitudes in parentheses are adjusted visual magnitudes from the BD. 
The remaining magnitudes, given to 0.1 mag., are photographic magnitudes from the 
Henry Draper Catalogue and the Extension or from the Potsdamer S pektral-Durchmusler- 
ung or are corrected values from the CPD. 
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The spectral types are listed in the seventh column. The Greek letter appended to 
the type of a Be star indicates the highest member of the Balmer series visible in emis- 
sion. The radial velocities given in the eighth (stellar) and ninth (K-line) columns are 
the weighted means of the measures decreased by 2.1 km/sec. The small letters fol- 
lowing the velocities are indications of the ‘‘quality” of the spectrograms and of the K 
line. The quality of a spectrogram is proportional to the sum of the weights of the lines 
and inversely proportional to the probable error of measurement. For the K lines the 
quality depends only on the weight of the line. The letter ‘‘a’”’ denotes highest quality. 
Estimates of K-line intensities, listed in paper I, have not been continued. The capital 
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Fic. 3.—K-line velocities corrected for the sun’s motion and for cos? 6. X =normal points 


letters following the velocities show the agreement between the measured velocities 
of the two spectrograms, as follows: 


A B D 1D | F 


Jo | C | 
0-+4.0 | +4.1-+8.0 | +8.1-+12.0 | +12.1-+16.0 | +16.1-+20.0 | >20.0 


P.e. (km/sec). . 


The probable error is taken as one-third the difference of the two measures, as in paper I. 
Where no capital letter is listed, the published velocity depends on only one spectro- 
gram. Where no K-line velocity is given, the spectrograms are too weak to show it. 
An “R” in the last column refers to a remark in the notes following the table. 


DISCUSSION 
Since the material is incomplete as regards magnitudes and colors, an analysis of the 
data has not been attempted. Some of the observations are shown graphically. These 
plots include the observations from both papers, I and II. Main-sequence stars later than 
BS are omitted. The inhomogeneity of the observational material may introduce system- 
atic effects. 
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Figure 1 shows the distribution of spectral types along the galactic plane. There is 
an apparent concentration of earlier types toward the galactic center and a minimum of 
Bn stars in that direction. In Figure 2 are plotted the stellar velocities corrected for the 
sun’s motion among the near-by stars and for the cos? 6 term of galactic rotation. The 


TABLE 3 


NORMAL VELOCITIES* 


























STELLAR K LINE 
. Vel. | Vel. 
l Stars (Km/Sec) | l Stars (Km/Sec) 
310... ae 9 —23 | 310 6 —16 
ee we 12 0 | 328 11 +2 
342... ee 14 +16 | 342. 13 +7 
REESE 6 +19 | 17. | 7 +21 
33... es: +22 | 36 Se +11 
653, et 9 ae +4 | 46. 10 +1 
a... CCE! -29 | 74 14 —11 
100... Press 23 +| —31 .| 100.. on a —18 
121. ove meet ee eee ee tele Loe —14 
Mie) Sie) See Re a — 5 
164. . nee se - 4 $2) Ske... Py —1 
195... ite } 12 | +42 | 189 | 10 +20 
|” Sr 3 | +16 | 211 4 +15 
234... : 4. ee | | 


* The individual velocities are corrected for the sun’s motion and for cos? 6. 


153 velocities with probable errors less than 12 km/sec are shown. In forming the normal 
points, velocities with probable errors in classes A, B, and C are given weights 4, 3, and 2, 
respectively. Figure 3 is a similar plot for 153 K-line velocities from the two papers. A few 
stars with strong K lines are included for which only one spectrogram was obtained. 
The normal velocities are listed in Table 3. 
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AN UPPER LIMIT FOR THE MASS OF THE LUNAR ATMOSPHERE 


Most astronomers are of the opinion that the moon is completely devoid of any at- 
mosphere. Russell, Dugan, and Stewart! estimate that the barometric pressure on the 
moon probably does not exceed 10~ of that of air at the surface of the earth. The princi- 
pal evidence on this point is given by the absence of any obscuration or blurring of the for- 
mations seen near the edge of the moon. Others have argued that previous observational 
tests were not sufficiently accurate to exclude an atmosphere whose density at the sur- 
face of the moon is less than about 10~‘ or 10~° of the atmosphere of the earth.? The 
kinetic theory of atmospheric dissipation does not remove the uncertainty: the heavier 
gases can probably remain on the surface of the moon long enough to permit the exist- 
ence of a very tenuous atmosphere at the present time. 

An important contribution toward the solution of this question has just arrived in the 
form of a paper by Professor V. G. Fessenkoff entitled ‘‘On the Mass of Moon’s Atmos- 
phere.’’’ The purpose of this paper is to develop a more refined method of estimating the 
amount of gas on the moon’s surface than has been available in the past. Fessenkoff 
points out that the older methods were inaccurate. They depended essentially upon meas- 
ures of the general or selective absorption of starlight near the edge of the moon or of 
the effect of horizontal refraction caused by a hypothetical atmosphere. Fessenkoff men- 
tions observations of purported cloud formations by F. Vaughn and by W. H. Pickering, 
but he considers them to be inconclusive and perhaps produced by peculiar properties of 
diffuse reflection at the surface of the moon. 

The new method is extremely simple. Fessenkoff examined with a piece of polaroid 
filter the faintly luminous area near the center of the moon, on the dark side of the ter- 
minator, at first and at last quarters. The surface brightness of this area is considerable, 
and the test for polarization by rotating the polaroid presents no great difficulty. Fessen- 
koff found no change in the surface brightness as the polaroid was turned, and he con- 
cludes—presumably on the basis of laboratory tests—that the ratio of the brightnesses 
at radial and at tangential orientations of the axis of the polaroid cannot be in excess 
of n = 1.04. 

If the diffuse light which Fessenkoff observed had been produced in its entirety by 
“twilight” in the lunar atmosphere, the polarization should have been complete, because 
the phase angle at first and at last quarters is 90°. But the light is mostly caused by scat- 
tering in the earth’s atmosphere—that is, by an ordinary lunar halo, and perhaps by a 
small amount of the earth-lit surface of the moon. This background illumination should 
be almost completely unpolarized. If we designate this background surface brightness as 
b and the hypothetical polarized light of the lunar twilight as c, we have 


sb+¢ 
n = 4-—-_— or 


id 
36 b 


=4(n—1). 


If Z is the amount of solar radiation received by a unit of surface on the moon oriented 
at right angles to the radiation, p is the density of the lunar atmosphere, and yp is the co- 


! Astronomy, 1, 170, Boston: Ginn & Co., 1926. 
2R. K. Marshall, Pop. Astr., 51, 421, 1943. 3 Astr. J. Soviet Union, Vol. 20, No. 2, p. 1, 1943. 
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efficient of scattering, then the surface brightness of an element of the moon located on 
the dark side of the terminator is 
uLpdh. 


Integrating this over the entire thickness of the lunar atmosphere and designating by m 
the mass of a vertical column of unit cross-section, we find that 


uLm=%3(n—1)b. 


The quantity b was determined by Fessenkoff in the following manner. He measured the 
surface brightness of the sky in the vicinity of the sun and found it to be twice that of a 
standard plane white surface illuminated by the sun. He next computed the ratio between 
the surface brightness of the solar halo and that produced by a source whose stellar mag- 
nitude is 14.17 mag. fainter than the sun but which has a similar distribution of light over 
its surface. He then computed the difference arising from the facts that the lunar ob- 
servations were made near the terminator and the moon was at first or at last quarter. 
Since the surface brightness of the solar halo in terms of the brightness of the standard 
surface depends upon the scattering power of air and upon the mass of the terrestrial at- 
mosphere, he obtains an expression for 6 which involves this mass, M. It is assumed that 
the coefficients of scattering, per unit mass, in the atmosphere of the moon, yw, and in 
the atmosphere of the earth, 41, are the same. The final result is an expression for the 
ratio of the two masses 


m 
-— = (),1 ¢ g-4 — ‘ 
u 0.196 Xx 1 (n—1) 


From the observations, n — 1 < 0.04. Hence, 


m 
— <10-*. 
he 

Otto STRUVE 


A. UNSOLD’S WORK ON THE SPECTRUM OF THE BO STAR 7 SCORPII 


During the last two years the Astrophysical Journal has printed comprehensive re- 
views of important astrophysical papers which are not generally accessible to Ameri- 
can scientists. Among the least accessible papers are three contributions by A. Unséld 
which appeared in Volumes 20 and 21 of the Zeitschrift fiir Astrophysik and were 
dated by the author April 23, 1941, June 7, 1941, and January 19, 1942. The first two 
arrived in this country some time before December, 1941, in the form of page proofs; 
the last has been made available to me through the Committee for the Distribution of 
Astronomical Literature, which was organized by the American Astronomical Society. 

The purpose of Unséld’s work was to determine the chemical composition of the re- 
versing layer of a main-sequence star of spectral class B. Furthermore, Unséld hoped to 
obtain a picture of the physical conditions in the outer layers of such a star and to de- 
termine the temperature, the electron pressure, the total gas pressure, and the surface 
gravity. Such an investigation had previously been attempted only in the case of the 
sun, for which Russell’s well-known paper and, more recently, B. Strémgren’s work! 
have provided the necessary data. Since the appearance of Unséld’s work, several other 
stars have been discussed in a similar manner by Greenstein (a Carinae) and Aller (a Ca- 
nis Majoris and y Geminorum). Strémgren’s paper was not known to Unsdld until his 
own investigation had been completed. The information which may be obtained from 
a B star differs in important ways from that provided by the sun. The B star’s spectrum 
shows strong lines of several light elements, such as He and Ne, which are not observable 
in the sun. Hence the B star provides the abundances of a group of elements which re- 


1 On the Chemical Composition of the Solar Atmos phere: Festschrift for E. Strémgren, Copenhagen, 1940. 
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main undetermined in the work of Russell and of Strémgren. The atomic transitions 
which correspond to the lines of a B-type star take place between relatively high levels. 
For many of these the oscillator strengths may be estimated from the known hydrogen 
values. 

The material used by Unséld consisted of five coudé spectrograms of 7 Scorpii ob- 
tained at the McDonald Observatory in May, 1939. The dispersion of these spectro- 
grams, taken on film, is 1.93 A/mm at \ 3930 and 2.64 A/mm at Hy. The definition of 
these spectrograms was not particularly good in all regions because the curvature of the 
plateholders had not then been accurately determined. But the dispersion is so large 
that sections of fine definition yielded many important lines. For the ultraviolet region 
Unséld used four McDonald Cassegrain quartz spectrograms whose dispersion is 40 
A/mm at \ 3934. These plates are of the finest quality. All spectrograms were standard- 
ized with a tube sensitometer equipped with several filters. The calibrations of the sensi- 
tometer marks and their effective wave-length ranges were accurately determined by 
Unséld. The exposure times were made long enough to avoid any serious photometric 
errors arising from lack of equality of the exposure times. 

The principal result of Unséld’s first paper is a table of several hundred equivalent 
widths and about one dozen central intensities of all measurable lines between \ 3323 
and \ 6563. A comparison with the results by E. G. Williams for a considerable number 
of lines suggests that the equivalent widths obtained with the smaller dispersions are 
about 20-25 per cent larger than those obtained with the coudé dispersion. The central 
intensities listed are those which are not appreciably affected by the instrumental dis- 
tortion of the line contours. 

The second paper starts with a discussion of the central intensities. The central ab- 
sorptions (1 minus central intensity) of all lines measured—H and He 1—are almost 
identical: they cluster around R, = 45 per cent of the intensity of the adjoining continu- 
ous spectrum, irrespective of whether the line is one of H or of He 1 and irrespective of 
whether the line has a large f-value (H@8) or a small f-value (H 10). There may be a 
small change with wave length. Unséld suggests that for \ 4860 we have R. = 40 per 
cent and for \ 4000, R. = 45 per cent. Although Unsdéld does not say so, there are sev- 
eral other lines which are slightly affected by the instrumental distortion but whose 
contours can be corrected for the known properties of the spectrograph. It is probable 
that all such lines would conform to the relation established by Unsold. For the fainter 
lines it is, of course, impossible to establish reliable instrumental corrections. 

All the lines used by Unsdld for the determination of R, correspond to transitions be- 
tween high-energy levels. It is reasonable that these lines are produced in the manner 
described as “true absorption” by Schwarzschild and as “‘local thermodynamic equilib- 
rium’ by Milne. Hence the central intensities of these lines are not zero, as they would 
be for “‘pure scattering,’ but correspond to the boundary temperature 7» of the star or 
to the intensity of the continuous spectrum at the extreme limb of the star. The central 
intensities of the lines determine the limb darkening of 7 Scorpii. 

If the central line intensities are interpreted in this way, they can be used to determine 
the value x/x,, namely, the ratio of the Rosseland mean of the continuous absorption 
coefficient to the particular value of the absorption coefficient which corresponds to that 
v at which the central intensities have been measured. The intensity of the continuous 
radiation observed at the surface of the star is 


I (0, 6) =f J (r) ew 8%dr, sec 0. 
0 


The Ergiebigkeit J(r) depends upon the temperature, which in turn increases with 
7 = fxdt. The intensity can be shown to depend upon the ratio k/x,, except at the limb, 
where 6 = 7/2 and the radiation depends only upon the limiting temperature J». When 
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k/k, “ 1, the continuous radiation at the center of the disk corresponds to a temperature 
which is not much greater than 7». Hence, the central intensities of the lines would be 
high; the darkening at the limb is small. On the other hand, an increase in K/x, corre- 
sponds to a deepening of the absorption lines. Unséld has made use of the well-known 
tables by G. Burkhardt? which give the ratio of the radiative flux Fv, or of the average 
intensity of the disk of the star, to the flux in the center of a very strong absorption line 
F,,9 which corresponds to the intensity of the continuous radiation at the limb. The 
tables (which were somewhat extended by Dr. Burkhardt for the purpose of Unséld’s 
investigation) give F,/F,,o as a function of a = hv/kT, and of x/x,. The quantity a is 
approximately 1.2 for the values \ = 4860 and \ = 4000 and for the temperature 7, = 
27,000° of a BO star. The ratio F,/F,,9 is equal to the observed quantity 1/(1 — R,). 
Hence, Unséld was able to derive x/x, = 2.4 + 0.3. This ratio may be compared to 
Unséld’s theoretical ratio k/x, < 0.5, which he had previously derived for a reversing 
layer consisting mostly of hydrogen. The discrepancy between the observed and the 
predicted values of k/x, constitutes one of the most remarkable results of the second pa- 
per in the series. It shows that the observed lines, shallow as they are, are not shallow 
enough to satisfy the elementary theory derived for a reversing layer consisting mostly 
of hydrogen. Incidentally, a somewhat similar result has since been obtained by Green- 
stein and by others for several A-type stars. The solution of this interesting problem 
constitutes the major portion of Uns6ld’s third paper. 

In the remainder of the second paper hé discusses in great detail the various elements 
observed in 7 Scorpii. This section occupies 43 pages. 

The H lines yield the value No, 2/7, the number of atoms in the neutral state and in the 
second energy level. For the higher members of the series the absorbing layer may be 
regarded as “thin,” and No,2H is found from the expression 

wre? 


Ay =" fNo.2H; log No. 2H = 15.78. 
mc 


An independent confirmation is obtained from the drop at the Balmer limit: 
log No, 2H =15.97 . 


Unséld adopts log No,2H = 15.90. He next determines the electron density from the 
number of observable H lines, using for this purpose the formula of Inglis and Teller: 


log VN. = 14.55. 


Another value of NV, is obtained from the Stark broadening of Hg, Hy, and Hé6. If the 
normal field (in the terminology of Holtsmark) is 


F, = 2.61e N** el. st. units , 


then in the wings the absorption coefficient of a broadened line is 

F,3/2 

Ans?° 

The constants C depend upon the known /-values and upon the quantities 2/,,*/*, which 
measure the intensities of the Stark components multiplied by certain integers involving 


the quantum numbers of the two levels. The values of C are given in Unsdéld’s book. 
The optical depth at a certain distance AX from the center of the line is 


xy, = k (AX) No. oH “ 


k (AX) =C 


2 Zs. f. Ap., 13, 56, 1936. 
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Unséld makes use of the semiempirical expression extensively used by him in previous 
work, 


my re. 
x tet : 


and substitutes R. = 0.45, log No, 2H = 15.90. Integration then gives 
A= f Rd(Ad). 


Unsold justifies the use of NV = 1.5N, and obtains log V, = 14.40. The mean of the two 
determinations is log NV, = 14.48. 

For the lines of He 1 Unséld has proceeded essentially as in the case of H. He has de- 
termined log NH[2°P°| as for a thin layer and has then plotted these values for each 
series against the principal quantum number of the upper term. These curves tend to 
level off for large m, as the case of a thin layer is actually approached with increasing 
quantum number. It must be pointed out that the results are not very definite: different 
series approach different limiting values of NH(2°P°]. In particular, Unsédld remarks that 
the two series 2*P°—n*D and 2'P°—n'D give smaller values than the other series. 
But there is no great difference between those series whose lower terms are metastable 
and those whose lower terms have strong transitions to term 1'S. Unséld concludes 
that there are no effects of dilution of radiation. He adopts an average limiting value 


log NH [2*P°] = 14.95. 


It is my impression that the divergence of the individual series in Unsdld’s Figure 5 
(our Fig. 1) constitutes one of the most interesting unsolved problems in astrophysics. 
It is unimportant for the determination of the He abundance—Unsdld’s principal task 
—but it promises to throw new light upon the puzzling question of the He 1 anomaly 
which has only in part been solved by Goldberg.’ 

Although Unsdéld does not mention this question, it may be of interest to discuss it 
briefly. It was found many years ago that the He 1 lines 2'P°—n'D decrease in intensity 
more rapidly than the lines 23P°—n*D, as we move from subdivision B2 toward hotter 
or toward cooler stars. This phenomenon is most pronounced in the O-type supergiants. 
The O-type main-sequence stars show it somewhat less conspicuously. In the cooler 
stars, of type B8, there is no appreciable difference between supergiants and main-se- 
quence stars. In stars with shells, like @ Persei, ¢ Tauri, and y Cassiopeiae as observed 
in 1940, the ratios of the Hei intensities are greatly influenced by the dilution effect. 
The most notable feature in these stars is the relative strength of He 1 3965 (2'S—4'P°). 
The members of this series are not much broadened by Stark effect. The discussion by 
Unsdéld suggests that there is no striking enhancement of this series in 7 Scorpii and, 
consequently, no dilution effect. This agrees with the conclusion of Goldberg, who used 
Williams’ measures in many B stars. In favor of the interpretation of the He I anomaly 
as an effect of the curve of growth is the remarkable fact that the observed maximum 
ratio (Het triplets/He1 singlets) is about 8, according to Williams, while the ratio of 
the corresponding f-values is 10. There can be no question now that, after the shell stars 
have been excluded, the He I anomaly is produced by the saturation of some He 1 lines 
at and near subdivision B2. But it is not yet clear whether this will fully account for 
the difference between supergiants and main-sequence stars in the O and BO subdivisions. 
Nor is there any certainty that the limiting value of log NH[2*P°| for large n is the 
same in Unsdld’s diagram for the three series 2'S—n'P°, 2'P°—n!D, and 2*P°—n®D. It 
would be of great interest to examine a similar diagram for an early-type supergiant 
like 19 Cephei. The difficulty in dealing with the dilution effect has been that we have 
been compelled, in the past, to rely upon comparisons of shell spectra with spectra of 


3 Ap. J., 89, 623, 1939. 





pute 
abso 
satu 
shou 
NH 
give 
It p1 











Xm 16 28; 
=~ 




















| 
75,0 t 
5 1495 
/ / it +020 












































| ° 2p-np 
| n 20 -n8 

° 2P-n'D 

me | + 2P-nis 
0 25-nP 


Blend 

































































rr a a cr ar ee I 


i-- 


Fic. 1.—The ordinates are the logarithms of the numbers of the helium atoms in state 2*P°, com- 
puted from the observed equivalent widths of lines of different series under the assumption of a thin 
absorbing layer. The abscissae are principal quantum numbers n. Since the stronger Het lines are 
saturated near their centers, the assumption is not correct; and the points representing each series 
should asymptotically approach the same limiting value for large n. Unséld adopts for this value lo 
NH([2°P°] = 14.95 + 0.20. But the individual series differ appreciably; for example, series (2*P°—n*D 
gives a lower limiting value than series (28P°—n°S). The meaning of these discrepancies is not clear. 
It probably does not seriously affect the adopted value of VH{2°P°. 
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normal supergiants. The question has not been answered whether or not in a supergiant 
the dilution effect is completely absent. 

The discussion of He 11, which is greatly influenced by Stark broadening, follows that 
of H. The result is log Ni,3H 2 12.64. 

For the other elements Stark broadening is unimportant and Unséld’s procedure con- 
sists in (a) the determination of the f-values from the spectroscopic data for the various 
terms, (b) the computation of log (1/R.) - (f/Awp), (c) the plotting of a curve of growth 
giving log (1/R.) - (A,/2AXp) as a function of (1/R,) - ({/Awp), and (d) the determi- 
nation of log (1/R.) - (VHf/Awp) and log NH by obtaining the best possible fit of the 
observed curve with a theoretical curve computed for the required approximate tem- 
perature. The tables are very complete, and the extensive data on f-values should be of 
great value to other workers in this field. 
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Fic. 2.—The curve of growth as determined by the lines of O 11. The diagram is used to determine the 
damping constant. 


The lines of O11 are numerous enough and strong enough to permit a determination 
of the damping constant. Unsdld finds (Fig. 2): 


log a = log <*—= —1.5. 
eo) 


D 


There is no noticeable turbulence: 


&,< 2.6 km/sec. 


The next step in the discussion is to determine the temperature, by assuming the value 
log N. = 14.48 derived from the Stark effect of the hydrogen lines and by making use 
of the ionization equation for those elements for which two stages of ionization had been 
observed. The result is 7 = 28,150° + 750° K. This temperature corresponds to a mean 
value of r at which the absorption lines are formed. It is related to the effective tem- 
perature by the relation 


T= 371(7 +9 (7) }. 
This value of 7, combined with N,, gives P, = 3.07 + 0.25. 
The ionization equation can next be used to determine those values of N,H which 


had not been observed. The sum of all these values for each element gives the relative 
abundances. The total gas pressure at the bottom of the atmosphere is 


F, = gi NHumy - 
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and the mean pressure is approximately 


P, ~ 4P, = 2P,. 
Hence, 
4P.= giNHumyz , 
from which Unsold finds 
log g = 4.93 + 0.40. 


Russell’s* mean value for main-sequence B stars is log g = 3.90. Hence, 7 Scorpii must 
be regarded as a star of lower-than-average luminosity. The spectrographic value 
agrees well with the known absolute magnitude of the star, —2.4 mag. The latter gives 
log g = 4.4. 

The abundances derived by Unsdld for 7 Scorpii are shown in Figure 3, together with 
Goldschmidt’s abundances in meteorites, Russell’s values for the sun, and Bowen and 
Wyse’s values for the planetary nebula NGC 7027. 

The high abundances of helium and of neon are particularly interesting. The ratio log 
(H/Mg) = 4.24 demonstrates the high abundance of hydrogen with respect to the 
metals. Unséld finds 


(by numbers of atoms) H:He:R= 85:15:0.24, 
(by mass) .H:He:R= 57:40:3 . 


The third paper of the series is devoted entirely to a discussion of the continuous spec- 
trum of 7 Scorpii. Unséld had found in the second paper that the central absorptions of 
all strong lines are of the order of R. = 45 per cent. The usual theory of the continuous 
spectrum then leads to a determination of x/x,. This latter value can also be computed 
if we know the various mechanisms of continuous absorption in the reversing layer of 
T Scorpii. The value determined from the observations was 2.4; that determined by the 
theory is of the order of 0.5. The two values are not compatible, and an explanation 
must be found for the discrepancy. One possibility would have been the existence of an 
unknown source of continuous absorption. With the proper distribution in v such an 
additional mechanism could increase the value of «/x, and bring about a reconciliation 
of the observations with the theory. Unséld made every effort to discover such a hidden 
mechanism but came to the conclusion that it does not exist. 

He next investigated whether the various approximations in the theory of the continu- 
ous spectrum could account for the discrepancy. The Kirchhoff-Planck function E(7) is 
expressed in the following manner: 


E(7) =3F{7+4q(7)}. 


The average intensity for the entire star disk, /’,, is then found from 





= f KG) Riivide, ae -f Edis 


w 
The optical depths 7 and 7 are related by 
Ky — 
dr=— dr. 
K 
In the center of a strong absorption line x,/k > © and 


1F,, > =E, (0) f Ky(z) de «#3. 
if 


) 


4 Ap. J., 78, 239, 1933. 
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Fic. 3.—Comparison of the chemical composition of the reversing layer of + Scorpii with that of 
other sources. 
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The observed central intensity is 
Py; 0 
1—R, =—. 
, F, 





For the theoretical computation of the ratio F,, o/F, a knowledge of g(r) is required. Fol- 
lowing the usual practice, Unsdld had made the following assumptions: 

1. The effect of scattering is negligible, as compared to that of absorption. 

2. x,/k is independent of the depth. 

3. In the computation of g(r) the variation of x, with »v may be neglected. 

With these assumptions the approximations of Eddington and of Milne give 


q(t) =3 
Exact values, with the same assumptions, were obtained by Hopf for q(0) and qg(@). 


With the same assumptions Unsdld found that the effective optical depth with respect 
to x,, at which the lines of 7 Scorpii are formed, is 


7>=R,=0.40. 


The same optical depth with respect to x is, of course, 


To= e. 1.00. 
Ky 


The quantum theory of the absorption coefficient (shown in the form of two_convenient 
diagrams for 7 Scorpii and for a giant of similar temperature) gives for x,/x at several 


wave lengths: 
pe ae 3150 3650 — 3650+ 4700 


te} Kenda Os 333 1.63 2.26 


and 79 = 0.055. These values are not compatible with those obtained from the observa- 
tions. Unséld attributes this to assumption (3) in the computation of g(7) and finds the 
answer to his puzzle in papers by Chandrasekhar® and by Hopf.° As was first pointed out 
by Chandrasekhar, the blanketing effect_produced by the absorption lines in the solar 
spectrum produces a marked change in q(7) and, consequently, also in the ratio F,, o/F,. 
In r Scorpii the blanketing effect is produced by the strong Lyman continuous absorp- 
tion, together with continuous ultraviolet absorption of He and He*. Following the 
methods of Chandrasekhar and of Hopf, Unséld has computed g(r) as modified by the 
blanketing effect and has obtained new values for F,,0/F, which agree perfectly with 
those derived from the observed central intensities of the lines in 7 Scorpii. 

It may be concluded that the theory of the continuous absorption in a star like t Scor- 
pii is now adequately known. It consists of the continuous absorptions of H, He, and 
He* and of Thomson scattering by free electrons. It is of fundamental importance 
that the blanketing effect must be taken into consideration for the computation of g(r) 
and hence for the distribution of temperature with +. As Unsdéld remarks, the high 
opacity of the reversing layer in the region of the Lyman continuous absorption acts 
as a barrier against the outward-moving flux of radiation. At the same time the outward 
radiation of the star from the boundary must correspond at least to the black-body radia- 
tion for To. Radiative equilibrium can be maintained only by a lowering of To if the 
effective temperature 7, is given. This means that the blanketing effect will tend to make 
the central intensities smaller than they would be without this effect. 


Otto STRUVE 


5 M.N., 96, 21, 1936. 6 M.N., 96, 522, 1936. 











NOTES 


NOTE ON THE EPOCH OF THE NEXT SUNSPOT MAXIMUM 


After the last sunspot maximum, which occurred in April, 1937, solar activity de- 
creased so slowly that Wolf’s smoothed relative numbers did not fall below a quarter of 
their last maximum value (119.2) until July, 1942. Such a slow decrease was predicted in 
1940 by the writer;! the probability of this prediction, as computed? from the probability 
laws of sunspot variations which I published in the September, 1942, issue of this Jour- 
nal, was very high, viz., 0.98. 

In view of the slow decline of this sunspot cycle, one could easily suppose that the in- 
terval between the last sunspot maximum and the next one would be relatively long. The 
probability laws of sunspot variations, however, do not support this supposition; they 
rather indicate that this interval will be shorter than its average value of 11.1 years. This 
result can be obtained in the following way (the notations are the same as those in my 
previous paper on probability laws of sunspot variations, as mentioned above): 

Since the “period of low activity” began in July, 1942, the interval between July, 
1942, and the epoch of the next sunspot maximum will be equal to ¢; + ¢,, where ¢, de- 
notes the length of the period of low activity preceding the new sunspot cycle and ¢, the 
length of the reduced period of rising in the new sunspot cycle. If t; and ¢, are expressed in 
months, the interval from the last maximum to the next one will be equal to 63 + ¢ + ¢,, 
because 63 months had elapsed from April, 1937, to July, 1942. Since 11.1 years are 
equal to about 133 months, it follows that, if ¢ + ¢, < 70, the next sunspot maximum 
would be distant from its predecessor by less than 11.1 years. If prob [t, + ¢, < 70] de- 
notes the probability that in the new spot cycle ¢ + ¢, will be less than 70 months, the 
probability laws of sunspot variations yield the following equation:* 


co 


prob [¢; +4, < 70] =4 +4 S°{P(6) >> P(d) erf (0.36d + 0.1445 + 0.184) }, 


6=0 | d=0 


where the function P(x) is defined by 
P(x) =erf (0.16% +0.08) —erf (0.16% —0.08). 


As P(x) decreases rapidly when «x increases, only a few terms of the sums in the above 
equation need be calculated. The calculation yields 


prob [¢, +t, < 70] =0.95. 


Thus one can expect with the high probability of 19 to 1 that the interval from the last 
sunspot maximum to the next one will be shorter than its average value of 11.1 years, 
ie., that the next maximum will occur before May, 1948. 
W. GLEISSBERG 
ISTANBUL UNIVERSITY OBSERVATORY 
January 1944 


1 Observatory, 63, 218, 1940. 2 Pub. Istanbul U. Obs., No. 15, p. 8, 1941. 


3 For brevity the proof of this equation is not given here. The easiest way to deduce it from the proba- 
bility laws of sunspot variations is to make use of the reasoning in Pub. Istanbul U. Obs., No. 15, 1941. 
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REVIEWS 


Marine and Air Navigation. By JoHN Q. STEWART and NEwrTON L. Pierce. Boston: Ginn & 
Co., 1944. Pp. xii+472. $4.50. 


In the actual welter of new books on navigation appearing currently, this outstanding work 
by Stewart and Pierce providentially comes at the climactic moment when the United States of 
America is being forced to take its position as the foremost air and sea power. It seems inevitable 
that we shall need to train and employ, perhaps for generations, great numbers of navigators for 
our navy, merchant marine, and air fleets. 

Because of its scope, its mathematical rigor, its ““complete coverage,”’ its distinctive character, 
and its literary value, this book should and will be used as a text for full-year college courses in 
liberal arts. Career men and women in navigation and others will take such courses in their gen- 
eral educational programs. The book will doubtless be adopted for many wartime training 
classes. ; 

The book is well produced. Scores of beautiful halftone plates and hundreds of graphs and 
figures on excellent paper illuminate the text. It is the largest book on navigation which the 
writer has seen, and every part is significant. It is intensely modern. The traditional mathematics 
of works on navigation is omitted, except for defining essential quantities. Every operation has 
been reduced to the use of tables and graphical methods. 

The observations of celestial objects for the determination of the latitude and longitude of the 
observer are the same for sea, air, and land. The authors recognize this and write accordingly. 
From there on, they proceed to teach and illustrate the multifarious additional problems and 
practices which belong to each field. These naturally differ greatly. No stronger evidence of com- 
pleteness, rigor, and practicalness of this notable book needs to be given than the following: A 
full page of acknowledgements lists specifically 79 persons—from the present Secretary of the 
Navy, through the ranks of naval officers and authors, to typists and readers. Not only has the 
book survived the resulting veritable barrage of criticism, checking, and suggestion, but it has 
appeared as a book which even the layman can read with enthusiastic interest. 

The tang of the sea is there. The vivid personality of the salty seaman is there. The tacit 
remonstrance is there against the reduction of the ancient art, romance, and philosophy of sea- 
faring, and the very modern art of airfaring, to a set of colorless impersonal tables. 

Stewart and Pierce have written a book which will inevitably become a classic. It is recom- 
mended without any hesitation to everyone who has an interest in any branch of navigation. 


OLIVER JUSTIN LEE 
Dearborn Observatory 


Basic Marine Navigation. By Bart J. Bok and FRANCES W. Wricut. Boston: Houghton 
Mifflin Co., 1944. Pp. viiit+421. Book, $4.50; kit, $1.70. 


Up-to-date texts on navigation are highly welcome to both teachers and students. One of the 
most recent, Basic Marine Navigation, by Bok and Wright, answers all the requirements of a 
very satisfactory textbook and should provide much relief to those struggling with texts either 
inadequate or poorly suited to the usual college background. 

Basic Marine Navigation is a thorough, well-arranged treatment of all phases of marine navi- 
gation. It is well illustrated, and the style is clear and simple. Navigational aids (with good illus- 
trations), charts and publications, the lead and the log, the compass and its errors, compass 
compensation, tides and currents (with detailed, step-by-step explanation of the tables), piloting, 
dead reckoning, maneuvering board (brief treatment), marine meteorology (good, short ex- 
planation), the sextant, celestial navigation, time and the nautical almanac, navigation by the 
sun and stars, the astronomical triangle and its solution by HO 208, 211, and 214 are the sub- 
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jects covered. A chapter on emergency and lifeboat navigation is a unique feature of the book 
and contains the best treatment that I have seen. The book displays the trends of modern navi- 
gation; current practice, rather than involved theory, is emphasized. A kit of practice chart 
material is also furnished. 

The book seems to me to be one of the three best texts now available. The others are: Marine 
aud Air Navigation, by Stewart and Pierce (Ginn & Co.), and recent editions of Navigation and 
Nautical Astronomy, by Dutton (United States Naval Institute). In my opinion, the only pos- 
sible criticism—and it is not a serious one—is the complete absence of air navigation from any 
navigation text, whether or not its aim is, as in this case, to specialize entirely upon the marine 
aspect of the subject. Cases often arise in which the marine navigator has to be acquainted with 
air navigation. Furthermore, many of the methods used in air navigation are becoming part of 
marine navigation. Bubble octants and air almanacs, for example, are often useful aboard sur- 
face vessels and in some cases may be used for surface navigation almost as much as the conven- 
tional marine methods. 

It is understood, of course, that the above opinions are those of the writer and are not neces- 
sarily those of the Navy Department. 

J. CUFFEY 
Lieutenant, U.S.N.R. 
United States Naval Academy 











